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Page  14,  lines  13  and  14,  delete  "j«Ae  had  wAew/'aud  insert  after  "earth, 
wJiich  she  would  have.'' 
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T.   On  Geological  Time.     By  f^m  William  Thomson,  LL.D. 

Address  delivered  Felnuary  27,  ISCS. ' 

1. — A  great  reform  in  geological  speculation  seems  now  to  Lave 
become  necessary.  A  very  earnest  effort  was  made  by  geologists, 
at  the  end  of  last  century,  to  bring  geology  within  the  region  of 
physical  science,  to  emancipate  it  from  the  dictation  of  authority 
and  from  dogmatic  hypotheses.  The  necessity  for  more  time  to 
account  for  geological  phenomena  than  was  then  generally  supposed 
to  be  necessary,  became  apparent  to  all  who  studied  M-ith  candour 
and  with  accuracy  the  phenomena  presented  by  the  surface  of  the 
earth.  About  the  end  of  last  century,  also,  physical  astronbmers 
made  great  steps  in  the  theory  of  the  motions  of  the  heavenly  bodies, 
and,  among  other  remarkable  propositions,  the  very  celebrated 
theorem  of  the  stability  of  the  planetary  motions  was  announced 
That  theorem  was  taken  up  somewhat  rashly,  and  supposed  to  implv 
more  than  it  really  did  with  reference  to  the  permanence  of  the  solar 
system.  It  was  probably  it  which  Playfair  had  in  his  mind  when 
he  wrote  that  celebrated  and  often-quoted  passage — '•  How  often 
"these  vicissitudes  of  decay  and  renovation  have  been  repeated  is 
"  not  for  us  to  determine  ;  they  constitute  a  series  of  which,  as  the 
''  author  of  this  theory  has  remarked,  we  neither  see  the  beginning 
"nor  the  end;  a  circumstance  that  accords  well  with  what  is 
"  known  concerning  other  parts  of  the  economy  of  the  world.  In 
"the  continuation  of  the  different  species  of  animals  and  vege- 
'  tables  that  inhabit  the  earth,  we  discern  neither  a  beginning  nor 
"  an  end ;  in  the  planetary  motions  where  geometry  has  carried 
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"the  eye  so  far  both  into  the  future  and  the  past,  we  discover  no 
"  mark  either  of  the  commencement  or  the  termination  of  the  present 
*'  order.  It  is  unreasonable,  indeed,  to  suppose  that  such  marks 
"  should  anywhere  exist.  The  Author  of  nature  has  not  given  laws 
"  to  the  universe,  which,  like  the  institutions  of  men,  carry  in 
"  themselves  the  elements  of  their  own  destruction.  He  has  not 
"  permitted  in  His  works  any  symptoms  of  infancy,  or  of  old  age, 
"  or  any  sign  by  which  we  may  estimate  either  their  future  or  their 
*'  past  duration.  He  may  put  an  end,  as  He,  no  doubt,  gave  a 
"beginning  to  the  present  system,  at  some  determinate  time; 
"  but  we  may  safely  conclude  that  this  great  catastrophe  will 
"  not  be  brought  about  by  any  of  the  laws  now  existing,  and  that 
"  it  is  not  indicated  by  anything  which  we  perceive."  (Illustra- 
tions of  the  Huttonian  Theory,  §  118.)  Nothing  could  possibly  be 
further  from  the  truth  than  that  statement.  It  is  pervaded  by 
a  confusion  between  "present  order,"  or  "present  system,"  and 
"laws  now  existing" — between  destruction  of  the  earth  as  a  place 
habitable  to  beings  such  as  now  live  on  it,  and  a  decline  or 
failure  of  law  and  order  in  the  universe.  The  theorem  of  the 
French  mathematicians  regarding  the  motions  of  the  heavenly 
bodies  is  a  theorem  of  approximate  application,  and  one  which 
professedly  neglects  frictional  resistance  of  every  kind ;  and  the 
statement  that  the  phenomena  presented  by  the  eaii;h's  crust 
contain  no  evidence  of  a  beginning,  and  no  indication  of  progress 
towards  an  end,  is  founded,  I  think,  upon  what  is  -vqyj  clearly  a 
complete  misinterpretation  of  the  physical  laws  under  which  all 
are  agreed  that  these  actions  take  place. 

2. — I  shall  endeavour  to  arrange  what  I  have  to  say  in  two 
divisions,  taking  the  quotation  from  Playfair,  as  it  were,  as  the 
text : — First,  The  motions  of  the  heavenly  bodies;  the  earth  as 
one  of  them:  and,  Secondly,  The  phenomena  presented  by  the 
earth's  crust. 

3. — Kow,  in  the  first  place,  the  motions  of  the  heavenly  bodies 
are  subject  to  resistance,  which  was  not  taken  into  account  in  the 
investigations  of  the  French  mathematicians.  They  gave  out  the 
theorem,  that  so  far  as  the  mutual  attractions  between  the  sun  and 
the  planets,  and  the  law  of  inertia  affecting  the  motions  of  each 
body,  without  any  opposition  of  resistance,  are  concerned,  certain 
disturbances  known  to  exist  among  the  motions  of  the  heavenly 
bo  dies  cannot  become  infinite,  but  liiust  oscillate  within  certain  limits. 
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4. — For  instance,  during  a  period — very  many  thousands  of  years 
say — the  eccentricity  of  the  earth's  orhit  round  the  sun  may  go  on 
increasing.  It  miglit  be  supposed  that  that  eccentricity  coukl  go 
on  increasing  so  much,  that  at  hist  the  earth's  path  niiglit  cross 
that  of  one  of  the  other  planets.  Serious  disturbances  in  tlie 
motions  of  the  two  bodies  miglit  result,  or  even  a  fat;\l  collision. 
But  the  theorem  of  the  French  matliematicians  asserts,  that  while 
the  eccentricity  might  go  on  increasing  for  a  certain  time,  it  has 
its  limits;  thus  declaring  that  there  are  oscillations  and  variations, 
but  no  continued  variation  in  one  direction.  And  this  is  a  very 
important  theorem  undoubtedly.  On  details  of  the  formula 
expressing  it  are  founded  all  the  calculations  of  modern  physical 
astronomers  regarding  what  are  called  the  secular  variations  of 
the  elements  of  the  planetary  orbits.  But  the  French  mathema- 
ticians were  quite  aware,  that  in  making  this  statement,  they 
neglected  resistance.  Those  wdio  quoted  the  grand  theorem  at 
which  they  arrived,  did  not  perceive  that  exclusion.  English 
philosophers  and  naturalists  might  surely  have  taken  warning  from 
Newton's  simple  brief  decisive  statement,  '■'■majora  autem  i^hinetarum 
€t  cometarum  corpora  inotus  suos  et  pjvgressivos  et  clrculares,  in  spatiis 
minus  resistentihus  factos,  conservant  diutius/^^  and  have  at  least  to 
some  degree  limited  and  qualified  the  expressions  we  so  often  meet 
in  their  popular  writings,  implying  a  perpetuity  of  the  "  existing 
order."  past  and  future. 

T). — Laplace  was  perfectly  aware  of  the  existence  of  resistance  to 
Ihiid  motion.  In  his  theory  of  the  tides,  he  points  out  most  distinctly 
that  if  oscillation  were  established  on  the  surface  of  the  ocean — 
oscillation  on  a  grand  scale  aifecting  the  oceans — the  waters  of  the 
Atlantic,  for  instance,  swelling  up,  and  those  of  the  Pacific  shrink- 
ing down,  time  about — that  if  such  an  oscillation  were,  by  any 
force  made  to  commence,  then,  in  a  very  short  time,  he  says  "pro- 
bably in  a  few  months,"  we  might  expect  it  woukl  altogether 
subside;  and  in  his  theory  of  the  tides,  he  treats  the  motion  of  the 
sea  altogether  as  a  motion  of  oscillation.  There  then  is  a  tacit 
admission  of  the  fact  of  resistance.  But  that  tidal  resistance 
influences  the  rotation  of  the  earth;  or,  by  reaction,  the  motions  of 
the  moon  and  sun,  Laplace  does  not  explicitly  state.  The  modern 
theory  of  energy  was  imperfectly  understood  by  Laplace  and 
Lagrange.  Lagrange,  it  is  true,  gave  a  foundation  for  the 
1  Principia.    Explanation  of  Fii'st  Law  of  Motion. 
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mathematical  treatment  of  Dynamics,  in  wliicli  tlie  theory  of  energy- 
was  the  one  great  principle;  but  he  did  not  point  out  the  appli- 
cation of  the  theory  of  energy  to  some  of  the  consequences  whicli 
now,  in  the  present  state  of  science,  interest  us  perhaps  more  than 
any  other  conclusions  which  have  been  drawn  from  mathematical 
and  physical  reasoning.  I  am  therefore  entitled  to  speak  so  far 
of  the  science  of  energy  as  modern,  although  it  was  from  Toricelli, 
iS'ewton,  John  Bernouilli,  and  Lagrange,  that  we  have  learned  the 
abstract  dynamical  principles  of  the  science  of  energy.  Even  this 
abstract  theory  of  energy  teaches,  that  if  there  is  resistance  of  any 
kind  (against  the  tidal  motion  of  the  waters,  for  instance),  that 
resistance  must  react  upon  some  body,  and  take  from  that  body, 
or  from  bodies  connected  with  the  phenomena,  energy. 

6. — The  cause  of  the  tides,  as  every  one  knows,  of  course, 
is  the  attraction  of  the  moon  and  sun.  The  fact  that  the 
moon  attracts  the  portion  of  the  sea  nearest  to  her  more  than  she 
attracts  the  centre  of  the  earth,  and  the  centre  of  the  earth 
than  the  remote  jDarts  of  the  ocean,  gives  rise  to  a  tendency 
to  draw  water  towards  the  moon,  and  leave  a  protuberance  on 
the  other  side  from  the  moon.  That  is  the  tendency;  but  the 
w'ater  of  the  ocean  never  gets  time  to  take  the  exact  form  to 
which  it  tends.  Just  as  if  a  large  bath  were  suddenly  tilted  up 
and  let  down  again :  the  water  in  it,  at  the  time  it  was  tilted  up, 
tended  to  alter  itself  according  to  the  new  position  of  the  bath,  but 
there  w^as  no  time  for  that  tendency  to  have  static  effect;  so  the 
moon,  when  by  the  ordinary  rotation  of  the  earth  she  is  over, 
for  instance,  the  middle  of  the  Atlantic,  and  tends  to  draw  the 
water  towards  her  then  position  and  to  leave  it  2')rotuberant  on 
the  remote  side  of  the  earth.  It  is  curious  that  in  books  of 
navigation  the  tendency  has  been  so  often  spoken  of  as  if  that 
were  the  effect.  An  interesting  correspondence  occurred  in  the 
columns  of  ihe  North  British  DcdJij  Mail  about  a  year  ago,  in 
which  Ne^vton's  theory  of  the  tides  was  disproved  out  of  Norrie's 
Navigation.  Norrie,  in  his  work,  describes  tlie  tendency ;  Newton, 
in  his  theory,  describes  the  tendency,  but  points  out  tliat  the 
waters  of  the  ocean  are  in  a  state  of  continual  oscillation  and 
reverberation  as  it  were,  (between  two  opposite  continents,  for 
instance,  as  between  Africa  on  the  one  side  and  America  on  the 
other),  and  that  at  no  one  instant  does  the  tendency  have  static 
effect  according  to  v/hat  has  been  called  "the  equilibrium  tide.'' 
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Now  it  is  the  imaginary  equilibrium  tide  that  is  often  described 
as  the  theoretical  tide  in  books  on  navigation,  though  the  many- 
readers  of  these  books,  Avith  limited  information  as  to  what  was 
written  l)y  Newton,  Laplace,  and  Airy,  accuse  Newton  of  all 
the  errors  they  have  been  taught. 

7. — When  we  consider  the  moon  as  causing  the  tides,  and  the 
clfange  from  high  to  low  as  depending  on  the  rotation  of  the 
earth,  it  becomes  obvious  that  if  there  is  resistance  to  the  motion  of 
the  water  that  constitutes  the  tides,  that  i-esistance  must  directly 
affect  the  earth,  and  must  react  on  those  bodies,  the  moon  and 
the  sun,  whose  attractions  cause  the  tides.  The  theory  of  energy 
declares,  in  ])erfectly  general  terms,  that  as  there  is  frictional 
resistance,  there  must  be  loss  of  energy  somewhere.  We  are  not 
now  merely  content  to  say  there  is  loss  of  energy  by  resistance, 
but  the  modern  theory  must  account  for  what  becomes  of  that 
energy.  Jt  is  particularly  to  Joule  that  the  full  establish- 
ment of  the  true  explanation  as  to  what  becomes  of  energy  that  is 
lost  in  friction  is  due.  I  suppose  every  one  here  joresent  knows 
Joule's  explanation,  namely,  that  heat  is  generated.  The  friction 
of  the  waters  against  the  bottom  of  the  sea  and  against  one 
another,  in  rubbing,  so  to  speak,  as  they  must  to  move  about,  to  rise 
in  one  place  and  fall  in  another — the  friction  of  waters  especially 
in  the  channels  where  there  are  tide  races,  gives  rise  to  the  genera- 
tion of  heat.  Well,  now,  the  end,  where  it  altogether  leaves  our 
earth  to  be  dissipated  thi'ough  space,  is  heat.  The  beginning  to 
which  we  can  at  present  trace  the  first  source  of  that  energy  is  in 
the  motions  of  the  moon  and  the  earth.  A  little  consideration 
shows  us,  by  a  very  general  kind  of  reasoning,  that  that  particular 
component  of  the  motion  which  at  zero  would  give  rise  to  no  tides 
must  tend  to  become  zero.  This  we  see  as  included  in  a  very 
general  proposition  ajiplicable  to  every  possible  case  of  action 
in  nature.  Now,  if  the  motion  of  the  earth  in  its  rotation, 
relative  to  the  moon  in  its  revolution  round  the  eai'th,  were 
zero,  there  would  be  no  rise  and  fall  of  water  in  lunar  tides; 
the  earth  would  always  turn  the  same  face  to  the  moon,  and  then 
it  would  be  always  high  w^ater  towards  the  moon,  low  water 
in  the  intermediate  circle,  and  high  water  from  the  moon,  but 
there  would  be  no  motion  of  the  waters  relatively  to  the  earth  and 
so  no  friction.  The  tendency  of  friction  must  then,  accordincr  to 
the   general  principle,  be  to  reduce  the  relative  motions  of  the 
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eartli  and  moon  to  tliat  condition.  However,  it  is  satisfactory  to 
know  tJiat  we  do  not  need  to  base  a  conclusion  on  so  excessively 
general  terms  of  the  theory  of  energy  as  those.  It  is  easy  to  see 
that  the  mutual  action  between  tlie  moon  and  the  earth  must  tend, 
in  virtue  of  the  tides,  to  diminish  the  rapidity  of  the  earth's  rotation, 
and  increase  the  moment  of  the  moon's  motion  round  the  earth. 

8. — "The  tidal  spheroid,"  you  must  understand,  is  not  a  reality, 
because  the  Avaters  do  not  cover  the  whole  earth,  as  we  are  here 
on  terra  firrna  to  know.  But  there  is  a  perfectly  definite  surface, 
being  an  ellii)tic  s})heroid  calculated  by  mathematical  rule,  which 
is  such  that  if  it  were  the  outer  boundary  of  a  distribution  of  water 
over  a  globe  perfectly  covered  with  water,  this  mass  of  water  would 
exercise  to  an.  extremely  close  approximation  the  same  force  upon 
any  distant  particle  of  matter,  and  experience  the  same  reacting 
force  as  our  ti  dally  disturbed  waters  really  do.  That  is  wdiat 
is  properly  called  the  tidal  spheroid.  It  averages,  as  it  were, 
for  the  w'hole  globe,  the  tidal  effect  of  the  disturbing  body  con- 
sidered. The  tidal  spheroid  averaging  the  moon's  effect  alone,  is 
called  the  luni-tidal  spheroid;  and  that  for  the  sun  is  called  the 
soli-tidal  spheroid.  The  resultant  tidal  spheroid,  representing  on 
the  same  principle  the  average  displacement  of  the  Avater  produced 
by  the  coml^ined  influence  of  the  two  bodies,  is  found  by  simply 
adding  the  displacements  from  the  undisturbed  figure,  represented 
respectively  by  the  luni-tidal  and  soli-tidal  sioheroids. 

9. — If  there  were  no  frictional  resistance  against  the  tides,  each 
separate  tidal  S})heroid  would  have  its  longest  diameter  perpen- 
dicular to  the  line  joining  the  centre  of  the  eartli  Avith  that  of  the 
disturbing  body,  Avhether  moon  or  sun.^     When  the  joint  influence 

1  This  assertion  is  founded,  not  on  observation,  but  on  djaiamical  principles. 
It  depends  on  the  truth  that,  if  the  tide-generating  influence  of  either  sun  or 
rnoon  were  suddenly  to  cease,  the  period  of  the  chief  oscillation  that  would  lesult 
Avould  be  greater  than  either  twelve  solar  or  twelve  lunar  hours.  The  period  of 
this  oscillation  woidd  be  less  than  either  twelve  lunar  or  twelve  solar  hours  if  the 
sea  were  very  much  deeper  than  it  is,  or  if  it  were  considerably  deepei",  and  also 
less  obstructed  by  land.  {See  §  11. )  If  this  were  the  case,  the  gi-eatest  axes  of  the 
luni-tidal  and  soli-tidal  si)lieroids  woitld  be  in  line  with  the  moon  and  sun  respec- 
tively, and  there  would  be  average  high  water  of  either  component  tide  when  the 
body  to  which  it  is  due  crosses  tlie  meridian;  also,  tlie  average  times  of  greatest 
tide  would  still  be  those  of  new  and  full  moon.  But  if  the  depth  of  the  sea  and  the 
configuration  of  the  land  were  such  that  the  chief  pei-iod  of  oscillation  could  be 
intermediate  between  twelve  solar  and  twelve  lunar  hours,  the  greatest  axis  of 
the  luni-tidal  spheroid  woidd  be  in  line  with  the  moon;  but  that  of  the  soli-tidal 
spheroid  would  be  perpendicular  to  the  line  joining  the  earth's  and  moon's  centres. 
In  this  case,  tlie  times  of  spiing  tides  would  be  those  of  quarter  moons.  In  the 
first  of  these  two  unreal  cases,  the  effect  of  tidal  friction  would  be  to  make  the 
time  of  average  high  water  somewhat /«/cr  in  each  component  tide,  than  the  time 
when  the  body  producing  it  crosses  the  meridian ;  and  this  deviation  would  be 
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of  the  sun  and  moon  is  analyzed  by  matlieraatical  reasoning,  it  is 
found  that  there  wouhl  bo  for  cither  separately,  a  tidal  spheroid 
fulfilling  the  condition  just  defined.  Thus  the  dynamical  result  of 
the  tcudency  of  either  body  would  be  low  water  at  the  time  of  the 
high  water  of  the  imaginary  equilibrium  tide,  and  vice  versa,  on 
the  average  of  the  whole  earth.  By  the  lunar  tide,  for  instance, 
there  would  be  low  water  when  the  moon  is  crossing  the  meridian, 
and  (supposing  for  simplicity,  the  moon  to  be  in  the  i)lane  of  the 
earth's  equator)  there  would  be  high  water  when  she  is  rising  and 
setting.  When  the  moon  and  sun  are  exactly  iii  conjunction  and 
opposition,  the  longest  and  shortest  axes  of  their  tidal  spheroids 
would  agree;  and  the  highest  and  lowest  tides  on  the  average  of  the 
whole  earth  would  be  the  high  water  and  low  water  immediately 
before  and  after,  or  after  and  before  the  time  of  new  and  full  moon. 
This,  be  it  remembered,  is  on  the  supposition  of  no  tidal  resistance, 
but  does  not  involve  any  assumption  whatever  of  regularity, 
whether  as  to  the  boundary  of  the  sea  or  as  to  uniformity  of  its 
depth. 

10. — Now,  it  is  well  known  that,  in.  this  part  of  the  world,  the 
"spring  tides"  are  observed  to  be  late  by  from  a  day  and  a  half  to 
three  days  after  new  moon  and  full  moon.  On  the  West  Coast  of 
Ireland  the  interval  is  about  thirty-six  hours;  it  amounts  to  about 
sixty  hours  at  London  Bridge,  and  has  intermediate  values  at  inter- 
mediate points  of  the  British  Channel.  Along  the  Atlantic  Coast  of 
Europe  the  interval  seems  to  be  between  eighteen  hours,  which  may 
be  about  its  amount  at  the  Cape  of  Good  Hope,  and  thirty-six  hours 
its  value  on  the  West  Coast  of  Ireland;  and,  it  is  probable,  that 
in  all  seas  the  spring  tides  are  late  by  an  interval  of,  in  general, 
something  more  than  twelve  hours  and  less  than  three  days  after 
the  time  of  new  moon  and  full  moon.  Hence,  the  crests  of  the 
luni-tidal  and  soli-tidal  spheroids  are  not  coincident  Avlien  the  earth, 
moon,  and  sun  are  in  one  line,  but  are  coincident  at  some  time, 
probably  exceeding  twelve  hours,  after  the  moon  has  crossed  the 
line  joining  the  earth  and  sun.  This,  then,  is  decisive  in  showing 
a  sensible  effect  of  resistance  to  the  tidal  motions,  as  was  fii*st,  I 
believe,  remarked  by  Airy.^      That  there  must  be  such  resistance 

greater  for  the  sun  than  for  the  moon.  Thus,  the  time  of  spring  tides  -woulrl  be, 
as  it  is,  somewhat  Liter  than  the  times  of  new  moon  and  full  moon.  But,  in  the 
second  of  the  imagined  cases,  the  effect  of  friction  wo\ild  be  to  advance  the  time 
of  solar  higli  water  and  to  retard  the  time  of  lunar  high  water;  and  thus  the  time 
of  spring  tides  would  be  souiewhat  Vicfurc  the  times  of  the  quarter  moons. 
1  "Tides  and  AVavos."  §  54-1 — Encyclopedia  Mctropolitanu. 
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is  quite  certain  to  us,  from  our  knowledge  of  tlie  properties  of 
imatter;  but  it  is  very  interesting,  and  it  is  very  important  with 
reference  to  tlie  subject  of  my  present  statement,  to  find  a  sensible 
effect  on  tlie  average  tides  of  tlie  wliole  ocean  due  to  resistance 
against  tlie  tidal  motions.  ^  . 

11— The   accompanying   woodcut  illustrates   the    position  o 
the  sun  and  moon,  and  of  the  longest  axis  of  the  resultant  tidal 
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si>lieroi(l  at  tlie  average  time  of  spring  tides  for  the  "whole 
earth.  It  represents  a  section  in  tlie  phme  of  the  equator,  in 
Avhich  for  simplicity  the  sun  and  moon  are  botli  supposed  to  be. 
The  spectator  Ijcing  supposed  to  look  at  tlie  diagram  from  the  north 
side,  sees  the  earth  rotating,  and  the  moon  revolving  round  the 
earth's  centre,  each  in  the  direction  o})posite  to  the  motion  of  the 
hands  of  a  watch.  If  there  were  no  tidal  fi-iction,  OMS  would  be 
iji  one  straightline,  andllH',  the  longest  axis  of  the  tidal  spheroid 
would  be  perpendicular  to  it.  What  observation  on  the  time  of 
s[>iing  tides  proves,  is  simply  that  OM  is  inclined  to  OS  forwards 
by  the  angle  through  which  the  moon  advances  before  the  sun  in 
the  time  by  which  the  spring  tides  are  late.  If  this  time  were 
twelve  hours,  the  angle  MOS  would  be  G-'.  The  djniamical 
theory  proves  that  each  must  make  an  acute  angle  "with  OH,  the 
lino  from  the  earth's  centre  to  the  tidal  crest  towards  which  the 
parts  of  the  earth  between  it  and  OM  or  OS  are  rotating ;  or,  in 
other  words,  that  high  water  is  made  something  earlier  on  the 
axeracfo  than  the  time  when  it  would  he  were  there  no  friction : 
that  is  to  say,  a  little  before  the  rising  and  setting  of  the  sun  and 
moon.  And  thus  what  we  have  seen  to  be  proved  by  observation 
on  the  average  time  of  spring  tides,  is  that  the  time  of  the  lunar 
tide  is  more  advanced  by  fiictional  resistance  than  is  the  time  of  the 
solar  tide;  a  conclusion  quite  agreeing  with  what  is  to  be  anticipa- 
ted by  mathematical  theory.^  Considering  now  for  simplicity  the 
lunar  tide  alone,  if  we  imagine  the  whole  mass  of  the  earth  and 
waters  upon  it  to  be  bisected  by  a  plane  perpendicular  to  HH ', 
througb  0,  the  centre  of  gravity,  it  is  obvious  that  the  attractions 
of  the  moon  on  these  two  halves  will  not  balance  round  the  centre 
of  gravity  of  the  whole,  but  that,  on  the  contrary,  the  combined 
influence  of  the  greater  attraction  on  the  nearer  protuberance  of 
the  waters  (H),  and  of  the  less  attraction  on  the  more  remote 
protuberance  (H^)  would,  if  the  whole  were  rigid,  tend  to  turn  the 
line  H'H  towards  the  direction  OM.  If  the  round  earth  rotated 
inside  the  waters,  these  not  sharing  its  rotation,  the  effect  would  be 
as  if  a  mechanical  friction  strap  or  belt  were  applied  round  the 
earth's  equator,  and  were  held  from  turning  by  a  couple  of  forces 
equal  in  moment  (or  rotational  importance)  to  that  calculated  as 
what  is  technically  called  "  the  moment  round  the  earth's  axis  "  of 
the  moon's  attraction  on  the  two  protuberances, 
1  ^efi  foot  note  on  §  0. 
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12. — But  the  waters  do  not  get  pulled  back  by  the  moon  as  a 
wliole.     They  are  as  a  whole,  drawn  along  with  the  solid  earth  by 
friction  on  the  bottom,  and  by  friction  of  water  on  water.     There- 
fore, from  century  to  century,  the  water  moves  along  with  the 
earth.     Though  it  is  due,  in  the  first  place,  to  a  force  in  the  water, 
the  resultant  effect  on  the  earth  and  the  water  is  the  same  as  if  the 
whole  were  a  solid  globe  rotating  inside  the  supposed  friction-strap. 
The  amount  of  each  of   these   forces   constituting  the  supposed 
couple  holding  back  the  equatorial  friction-strap,  would  be  equal 
to  the  weight  of  two  million  tons,  according  to  the  hypothesis  and 
calculations  taken  from  the  Rede  Lecture,  (Cambridge,  May,  1866), 
on  the  ''dissipation  of  energy,"  in  the  abstract  appended  to  the 
present  article.     This  hypothesis  supposes  HH'  to  be  inclined  to 
OM,  at  an  angle  of  -15",  the  position  in  which,  with  a  given  amount 
of  protuberance,  the  tidal  retardation  of  the  earth's  rotation  would 
be  a  maximum :  having  been  assumed  for  the  purpose  of  estimating 
a  superior  limit  to  the  conceivable  amount  of  the  influence  in 
question.     The  resulting  retardation  would  be  the  same  as  if  the 
earth  had  (as  a  common  "  terrestrial  globe,")  pivots  at  the  North 
and  South  poles,  each  half  an  inch  diameter,  and  resisting  forces 
were  applied  tangentially  to  these  pivots,  amounting  in  all  to  four 
thousand  million   million  tons  force.     "VYith  the  same  supposed 
degree  of  protuberance  in  the  luni-tidal  spheroid,^  the  frictional 
resistance  would  be  something  between  the  amount  estimated,  and 
one  fifth  of  it,  if  the  angle  HOM  were  anything  between  45^^  and 
84°.     But  if,  as  is  most  probably  the  case,  the  average  lateness  of 
the  spring  tides  behind  the  full  and  change,  amounts  at  least  to 
twelve  hours,  the  angle  MOS  cannot  be  less  than  G°,  this  being 
the  angle  through  which  the  moon  moves  in  her  orbit  in  twelve 
hours  j  and  HOS  is  certainly  something  short  of  90°.     Hence  it  is 
almost  certain  that  HOM  has  some  A^alue  between  45°  and  84°. 
I  conclude  that  either  the  average  s2:>heroidal  tide  must  be  less 
than  11  ft.  or  the  amount  of  resistance  to  the  earth's  rotation 
must  exceed  one  fifth    of  the  amount  which  I  had  estimated  as 
a  superior  limit ;  the  only  doubtful  assumption  being,  that  the 
lateness  of  the  spring  tides  behind  the  times  of  full  and  change, 
is  not  less  on  the  average  than  twelve  hours. 

1  This  is  such  as  wouhl  make  the  average  amonnt  of  rise  of  tide  from  lowest 
to  highest,  for  the  whole  surface  of  the  eartli,  1',  feet,  if  the  tides  were  every- 
where, those  of  the  luni-tidal  spheroid  covering  the  whole  earth. 
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13. — The  general  tendency  of  tliat  action,  then,  is  to  diminish 
the  velocity  of  the  earth's  rotation  round  its  axis,  and  lengthen  the 
duration  of  the  day.  Tliat  there  is  such  a  tendency  has  long  been 
known  to  iihilosophers  of  the  more  abstract  kind.  It  is  difficult 
to  say  who  first  promulgated  this  idea.  It  has  been  recently 
stated  that  the  mettiphysician  Kant  first  asserted  that  the 
earth's  rotation  is  diminished  through  the  influence  of  the 
tides.  This  I  know  for  certain,  that  the  idea  was  first  given 
to  me  by  my  brother.  Professor  James  Thomson.  As  long  ago 
as  the  first  meeting  of  the  British  Association  in  Glasgow, 
1840,  he  propounded  as  a  necessaiy  result  of  the  theory  of 
energy,  that  friction  of  the  tides  in  channels  must  give  rise  to  a 
loss  of  something  then  called  vis-viva,  from  the  motion  of  the  etii'th 
and  the  moon.  ]\Iore  recently  published  articles,  and  especially 
those  of  INIayer,  the  great  German  advocate  of  the  modern  theory 
of  heat,  who  did  so  much  to  urge  the  reception  of  the  idea  of  an 
equivalence  between  heat  and  mechanical  power,  point  out  that 
the  rotation  of  the  earth  must  be  diminished  by  the  tides. 

14. — But  we  may  go  fui-ther,  and  say  that  tidal  action  on  the 
earth  disturbs,  by  re-action,  the  moon.  The  tidal  deformation  of 
the  water  exercises  the  same  influence  on  the  moon  as  if  she  were 
attracted  not  precisely  in  the  line  towards  the  earth's  centre,  but  in 
a  line  slanting  very  slightly,  relatively  to  her  motion,  in  the  direction 
forwards.  The  moon,  then,  continually  experiences  a  force  forward 
in  her  orbit  by  re-action  from  the  waters  of  the  sea.  Now,  it 
might  be  supposed  for  a  moment  that  a  force  acting  forwards  would 
quicken  the  moon's  motion  ;  but,  on  the  contrary,  the  action  of 
that  force  is  to  retard  her  motion.  It  is  a  curious  fact  easily 
explained,  that  a  force  continually  acting  forward  with  the  moon's 
motion  will  tend,  in  the  long  run,  to  make  the  moon's  motion 
slower,  and  increase  her  distance  from  the  earth.  On  the  other 
hand,  the  eflfect  of  a  resisting  force  on,  for  instance,  the  earth  would 
undoubtedly  be,  in  the  course  of  ages,  to  make  the  earth  go  faster 
and  faster  round  the  sun.  The  reason  is,  that  the  resistance  allows 
the  earth  to  fall  in  a  spiral  path  towards  the  sun,  whose  attraction 
generates  more  velocity  than  frictional  resistance  destroys.  The 
tidal  deformation  of  the  water  on  the  earth,  tends,  on  the  whole, 
therefore,  to  I'ctard  the  moon's  angular  motion  in  her  orbit;  but 
(by  the  accompanying  augmentation  of  her  distance  from  the 
earth)  to  increase  the  moment  of  her  motion  round  the  earth's  centre 
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And  tlie  ultimate  tendency — so  far  as  the  earth's  rotation  is  con- 
cerned— must  be  to  make  the  earth  keep  always  the  same  face  to 
the  moon. 

15. — It  may  be  remarked,  in  passing,  that  the  corresponding 
tendency  has  probably  already  had  effect  on  the  moon  itself. 
The  moon  always  turns  the  same  face  to  the  earth.  If  the  moon 
were  now  a  liquid  mass,  there  would  be  enormous  tides  in 
it.  The  friction  in  that  fluid  would  cause  the  moon  to  tend  to 
tui-n  the  same  face  towards  the  earth:  and  we  find  the  moon 
turns  the  same  face  always  to  the  earth.  It  seems  almost 
inevitable  to  our  minds,  constituted  as  they  are,  to  connect 
possible  cause  and  real  effect,  and  say  that  a  possible  cause  is  a 
real  cause;  and  thus  to  believe  the  reason  why  the  moon  turns 
idways  the  same  side  to  us  is  because  it  was  once  a  liquid  mass 
which  experienced  tides  and  viscous  resistance  against  the  tidal 
motion.  The  only  other  view  we  can  have — the  only  other 
hypothesis  we  can  make — is,  that  the  moon  was  created  with 
such  an  angular  velocity  as  to  turn  always  the  same  face  to 
the  earth.  But  the  course  of  speculative  and  physical  science 
is  absolutely  irresistible  as  regards  the  relation  between  cause 
and  effect.  Whenever  we  can  find  a  possible  antecedent  condition 
of  matter,  we  cannot  help  inferring  that  that  possible  antecedent 
did  really  exist  as  a  preceding  condition — a  condition,  it  may  be, 
preceding  any  historical  information  we  can  have — but  preceding 
and  being  a  condition  from  which  the  present  condition  of  things 
has  originated  by  force  acting  according  to  laws  controlling  all 
matter.  The  theory  that  the  moon  has  been  brought  to  her  present 
condition  of  rotation  by  tidal  friction  of  her  own  mass  was,  I 
believe,  first  given  by  Helmholtz.  I  cannot  say  so  certainly, 
because  so  many  philosophers  have  speculated  and  drawni  con- 
clusions regarding  antecedents  of  the  solar  system  from  very 
general  philosophic  principles;  but,  so  far  as  I  know,  that  view- 
was  first  given  by  him. 

16. — It  is  impossible,  with  the  imperfect  data  we  possess  as  to 
the  tides,  to  calculate  how  much  their  effect  in  diminishing  the 
earth's  rotation  really  is.  But  even  from  such  data  as  those 
referred  to  in  §  11,  it  can  be  shown  that  the  tidal  retardation  of 
the  earth's  rotation  must  be  something  very  sensible.  Still,  it  is 
unsatisfactory  to  be  in  the  position  of  asserting  that  we  know  there 
must  be  a  retardation  (we  cannot  tell  how  much)  and  then  to  ])e 
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told,  in  opposition  to  that  theory,  that  observations  of  ancient 
eclipses  make  it  certain  that  the  length  of  the  day  has  not  varied 
by  one  ten-millionth  part  of  twenty-four  hours  from  721  years 
))efore  tlie  Christian  era.^  Tlie  calculation  was  fii'st  made  by 
Laplace.  It  depended  in  part  on  the  historical  facts  of  two  eclipses 
of  the  moon,  seen  in  Babylon,  one  of  them  March  19,  721  B.C. 
which  was  first  perceived  "  when  one  hour  after  her  rising  was  fidl y 
past;"  ^  the  other  on  the  22nd  December,  313  years  B.C.,  whicli 
was  first  perceived  "  half  an  hour  before  the  end  of  night,"  and 
which,  though  now  known  to  have  lasted  only  about  an  hour  and 
a  half,  had  not  come  to  an  end  when  the  moon  set.  The  rotation 
of  tliG  earth  cannot  have  experienced  much  retardation  during  these 
2700  years,  or  else  the  moon-rise  must  have  taken  place  after  instead 
of  Je/bre  the  beginning  of  the  first  of  those  eclipses;  and  it  cannot  have 
experienced  m\ich  acceleration,''  or  else  the  moon  must  have  set 
at  Babylon  before  the  second  mentioned  eclipse  commenced,  which, 
therefore,  could  not  have  been  seen  from  that  place.  ButDunthorne 
showed  that  these  records  and  various  observations  regarding  many 
other  less  ancient  eclipses  all  agree  in  demonstrati nfj  tlie  correctness 
of  a  suspicion  which  Halley  had  raised,  that  the  moon's  mean 
angular  motion  has  been  accelerated  somewhat  relativehj  to  the  earth 
as  time-keeper;  and  he  estimated  the  amount  of  this  acceleration  to 
be  20  seconds  of  angular  velocity  per  century  gained  per  century.' 
Laplace,  accepting  this  conclusion,  attempted  to  explain  it  l>y 
showing  that  the  planets  cause  indirectly  an  acceleration  of  tho 
moon's  angular  velocity,  through  their  influence  in  producing  a 
secular  diminution  of  the  eccentricity  of  the  earth's  orbit.  Tlie 
princii)le  is  admitted,  and  to  Laplace  is  attributed,  and  must 
always  be  attributed,  the  very  great  discovery  of  the  cause  of  an 
apparent  secular  acceleration  of  the  moon's  mean  motion.  He 
calculated  out  the  results  of  this  discovery,  and  they  seemed  to 
tally  precisely  with  the  supposition  that  tlie  earth's  velocity  of 

1  Poisson  Traite  de  ]\Iecaniquc,  Sec.  433,  Vol.  ii.,  EJ.  183.3. 

2Duntliorne  "On  the  Acceleration  of  the  Moon."  Phil.  Trans.,  1740.  (Huttou's 
Abridgement,  Vol.  ix.) 

3  As  regards  the  earth's  rotation,  it  seems  to  have  been  only  acceleration  (due 
to  cooling  and  shrinking)  that  was  suspected  until  Kant  and  others  showed  that 
the  tides  must  produce  retardation,  liut  Laplace  proved,  by  calculations  founded 
on  Foiirier's  theory  of  the  conduction  of  heat  (not  at  all  on  astronomical  data), 
that  the  acceleration  by  shrinking  on  account  of  cooling  cannot  have  shortenetl 
the  day  by  as  much  as  l-300th  of  a  second  of  time ;  that  is  to  say  by  about  a 
twenty-five  millionth  of  its  own  amount  in  the  last  2000  years. 
•*  Grant's  History  of  Physical  Astronomy;  p.  60. 
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rotation  had  been  constant  since  721  B.c.;^  Imt  in  1853  our  cfreat 
English  physical  astronomer,  Adams,  j^ointed  out  an  error  of  a 
technical  kind  in  Laplace's  process — the  omitting  to  take  into 
account  in  the  tangential  component  of  the  sun's  disturbing  force 
on  the  moon,  the  disturbing  influence  of  the  ^'ariation  of  the 
eccentricity  of  tlie  earth's  orbit,  and  lie  woi-ked  out  the  theory 
with  this  correction. 

17. — The  result,  roughly  stated,  Avas  to  halve  the  amount  of 
acceleration  calculated  by  Laplace,  and  to  leavehalf  of  Dunthorne's 
observed  relative  acceleration  of  the  moon  to  be  accounted  for  other- 
wise. In  1853,  Adams  communicated  to  Delaunay,  one  of  the  great 
French  mathematicians,  his  final  result,  tliat  at  the  end  of  a  century 
the  moon  is  5*7  seconds  of  angle  in  advance  of  the  position  she 
had  when  relatively  to  the  meridian  of  the  earth,  according  to 
the  angular  velocity  of  the  moon's  motion  at  the  beginning  of  the 
century,  and  the  acceleration  of  the  moon's  motion  truly  calculated 
from  the  various  disturbing  causes  then  recognised.  This,  then, 
shows  an  unaccounted  for  gain  per  century  of  10 "-4  per  century  of 
angular  velocity  of  the  moon's  motion,  on  the  hypothesis  that  the 
earth's  angular  velocity  is  uniform.  Delaunay  soon  after  verified 
this  result,  and  about  the  beginning  of  1866  suggested  that  the 
true  explanation  may  be  the  retardation  of  the  earth's  rotation 
by  tidal  friction.  Using  the  hypothesis  that  the  cause  of  the 
discrepancy  is  retardation  by  tidal  friction,  and  allowing  for  the 
consequent  retardation  of  the  moon's  mean  motion,  Adams,  in  an 
estimate  which  he  has  recently  Avorked  out,  in  conjunction  with 
Professor  Tait  and  myself,  found,  on  a  certain  assumption  as 
to  tbe  proportion  of  retardations  due  to  the  moon  and  the  sun, 
that  22  seconds  of  time  is  the  error  by  which  the  earth  would 
in  a  century  get  behind  a  thoroughly  perfect  clock  rated  at  the 
beginning  of  the  century. 

18. — Thus  the  most  probable  result  that  physical  astronomy  gives 
us  up  to  the  present  time  is  that  the  earth  is  not  an  accurate  chrono- 
meter, but,  on  the  contrary,  is  getting  sloAver  and  sloAver,  if  tested 
by  a  truly  perfect  clock — a  clock  as  good  as  an  astronomical  clock 
ought  just  now  to  be,  and  that  is  at  least  200  times  as  good  as 
astronomical  clocks  are — because  astronomical  clocks  are  just  as 

1  Lajjlace's  theory  ^ave  him  21" -7  per  century  of  angular  velocity  as  the 
average  gain  per  century  during  the  last  2500  years,  which  exceeds  Dunthorne's 
estimate  from  observation  by  8J  per  cent.  —  Grant's  History  of  Physical 
Astronomy,  p.  G3. 
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great  a  disgi-ace  to  the  meclianical  genius  of  Europe  and  America 
as  chronometer  watches  are  a  credit.  Astronomical  clocks  go 
only  about  two  or  three  times  as  well  as  pocket  chronometer 
watches;  although  the  latter,  from  the  continual  agitations  to 
which  tliey  are  exposed,  are  in  veiy  disadvantageous  circumstances. 
When  they  shall  be  made  two  or  throe  hundred  times  as  good  as 
they  are,  we  shall  have  an  instrument  which,  for  use  during  a  few 
centuries,  will  be  a  superior  time-keeper  to  the  earth ;  and  it  will  not 
then  be  necessary  to  set  the  clock  by  the  stars,  but  we  shall  test  the 
earth's  motion  by  the  clock.  However,  that  is  only  in  anticipation. 
Perhaps  we  may  not  live  to  see  that  use  of  the  clock.  In  the  mean- 
time we  are  obliged  to  jiut  up  with  the  earth  and  stars  as  a  menus 
for  regulating  our  clocks.  Failing  a  good  clock  to  check  the  earth 
by,  we  have  to  take  the  best  we  can  find  and  apply  corrections  to  it. 
The  moon  is  a  very  unequal  time-keeper,  but  by  prodigious  labour, 
carried  out  by  Newton,  Clairaut,  Laplace,  Plana,  Hansen,  Adams, 
and  Delaunay,  the  errors  in  the  moon's  motion  are  very  accurately 
known.  The  moon's  rotation  round  the  earth  is  as  it  were  a  clock 
hand  going  round  in  about  29  days,  and  the  earth  is  as  it  Avere  the 
hand  of  another  clock  going  round  in  24  hours.  The  only  time- 
keeper by  which  we  can  at  present  test  the  accuracy  of  the  earth's 
motion  is  the  moon.  Imperfect  as  the  moon  is,  an  error  has,  vou 
see,  been  discovered  in  the  earth  as  a  time-keeper,  on  reference  to 
the  moon.  Consider  that  fact,  and  see  whether  it  justifies  the 
statement  I  liave  referred  to  by  Playfair  in  his  Illustrations  of 
Hutton's  theory,  that  there  is  nothing  in  the  motions  of  the 
heavenly  bodies  that  tends  to  their  own  dissolution  or  to  a  perma- 
nent alteration  of  the  existing  state  of  things.  For  instance,  no 
resistance  tending  to  stop  the  progress  of  the  earth  ! 

19. — Kow,  if  the  earth  is  losing  angidar  velocity  at  that  great 
rate,  at  what  rate  might  it  have  been  rotating  a  thousand  million 
years  ago?  It  must  have  been  rotating  faster  by  one  seventh 
part  than  at  present,  and  the  centrifugal  force  must  have  been 
greater  in  the  ratio  of  the  square  of  8  to  the  square  of  7, 
that  is,  in  the  ratio  of  G4  to  49.  There  must  have  then 
been  more  centrifugal  force  at  the  equator  due  to  rotation  than 
now,  in  the  proportion  of  G4  to  49.  What  does  the  theory  of 
geologists  say  to  that?  There  is  just  now  at  the  equator  one 
two-hundred-and-eighty-ninth  part  of  the  force  of  gravity  relieved 
by  centrifugal  force.     If  the  earth  rotated  seventeen  times  faster 
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bodies  would  fly  off  at  tlie  equator.  The  present  figure  of  the 
earth  agrees  closely  with  the  supposition  of  its  having  been  all 
fluid  not  many  million  years  ago, 

20. — The  centrifugal  force  a  hundred  million  years  ago  would  be 
greater  by  about  3  per  cent,  than  it  is  now,  according  to  the  pre- 
ceding estimate  of  tidal  retardation;  and  nothing  Ave  know  regard- 
ing the  figure  of  the  earth,  and  the  disposition  of  land  and  water, 
would  justify  us  in  saying  that  a  body  consolidated  when  there 
was  more  centrifugal  force  by  3  percent,  than  now  might  not  now 
be  in  all  respects  like  the  earth,  so  far  as  w^e  know  it  at  present. 
But  if  you  go  back  to  ten  thousand  million  years  ago — which,  I 
believe,  will  not  satisfy  some  geologists — the  earth  must  have  been 
rotating  more  than  twice  as  fast  as  at  present — and  if  it  had  been 
solid  then,  it  must  be  now  something  totally  diflerent  from  what 
it  is.  Now,  here  is  direct  opposition  between  physical  astronomy, 
and  modern  geology  as  represented  by  a  very  large,  very 
influential,  and,  I  may  also  add,  in  many  respects,  philosophical 
and  sound  body  of  geological  investigators,  constituting  perhaps  a 
majority  of  British  geologists.  It  is  cpiite  certain  that  a  great 
mistake  has  been  made — that  British  popular  geology  at  the 
present  time  is  in  direct  opposition  to  the  principles  of  natural  philo- 
sophy. Without  going  into  details,  I  may  say  it  is  no  matter 
whether  the  earth's  lost  time  is  22  seconds,  or  considerably  more  or 
less  than  22  seconds,  in  a  century,  the  principle  is  the  same.  There 
cannot  be  uniformity.  The  earth  is  filled  with  e^ddences  that  it 
has  not  been  going  on  for  ever  in  the  present  state,  and  that 
there  is  a  progress  of  events  towards  a  state  infinitely  diflerent 
from  the  present. 

21. — But  it  is  not  only  to  the  effect  of  the  tides  that  we  refer  for 
such  conclusions.  Go  to  other  bodies  besides  the  earth  and  moon ; 
consider  the  sun.  We  depend  on  the  sun  very  much  for  the  existing 
order  of  things.  Life  on  this  earth  would  not  be  possible  without 
the  sun,  that  is,  life  under  the  present  conditions — life  such  as 
we  know  and  can  reason  about.  When  Playfair  spoke  of  the 
planetary  bodies  as  being  perpetual  in  their  motion,  did  it  not  occur 
to  him  to  ask.  What  about  the  sun's  heat?  Is  the  sun  a  miraculous 
body  ordered  to  give  out  heat  and  to  shine  for  ever?  Perhaps  the 
sun  was  so  created.  He  would  be  a  rash  man  who  would  say  it 
was  not — all  things  are  possible  to  Creative  Power.  But  we  know, 
also,  that  Creative  Power  has  created  in  our  minds   a  wish  to 
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investigate  and  a  capacity  for  investigating ;  and  there  is 
nothing  too  rash,  there  is  nothing  audacious,  in  questioning 
human  assumptions  regarding  Creative  Power.  Have  we  reason 
to  believe  Creative  Power  did  order  tlie  sun  to  go  on,  and 
shine,  and  gi\-o  out  heat  for  ever?  Are  we  to  suppose  that 
the  sun  is  a  perpetual  miracle  1  T  use  the  word  miracle  in  the  sense 
of  a  perpetual  violation  of  those  laws  of  action  between  matter  and 
matter  which  we  are  allowed  to  investigate  here  at  the  surface  of 
the  earth,  in  our  laboratories  and  mechanical  w^orkshops.  The 
geologists  who  have  uncompromLsmgly  adopted  Playfair's  maxim 
liave  reasoned  as  if  the  sun  were  so  created.  I  believe  it  was 
altogether  thoughtlessness  that  led  them  ever  to  put  themselves 
in  that  position;  because  these  same  geologists  are  very  strenuous 
in  insisting  that  we  must  consider  the  laws  observable  in  the 
present  state  of  things  as  perennial  laws.  I  think  we  may  even 
consider  them  as  having  gone  too  far  in  assuming  that  we  must 
consider  present  laws — a  very  small  part  of  which  we  have  been 
able  to  observ^e — as  sufficient  samples  of  the  perennial  laws  regu- 
lating the  whole  universe  in  all  time.  But  I  believe  it  has  been 
altogether  an  oversight  by  which  they  have  been  led  to  neglect  so 
greatly  the  fact  of  the  sun's  heat  and  light. 

22. — The  mutual  actions  and  motions  of  the  heavenly  bodies  have 
l)een  regarded  as  if  light  had  been  seen  and  heat  felt  without  any 
evolution  of  mechanical  energy  at  all.  Yet  what  an  amount  of 
mechanical  energy  is  emitted  from  the  sun  every  year  !  If  we  cal- 
culate the  exact  mechanical  value  of  the  heat  he  emits  in  81  days 
we  find  it  equivalent  to  the  whole  motion  of  the  earth  in  her  orbit 
round  the  sun.  The  motion  of  the  earth  in  her  orbit  round  the  sun 
has  a  certain  mechanical  value ;  a  certain  quantity  of  steam  power 
Avould  be  required,  acting  for  a  certain  time,  to  set  a  body  as  great  as 
the  earth  into  motion  with  the  same  velocity.  That  same  amount 
of  steam  power  employed  for  the  same  time  in  rubbing  two  stones 
together  would  generate  an  enormous  quantity  of  heat,  as  much  heat 
as  the  sun  emits  in  81  days.  But  suppose  the  earth's  motion  were 
destroyed,  what  would  become  of  the  earth?  Suppose  it  were  to 
be  suddenly,  by  an  obstacle,  stopped  in  its  motion  round  the  sun? 
It  would  suddenly  give  out  81  times  as  much  heat  as  the  sun 
gives  out  in  a  day,  and  would  begin  fi\lling  towards  the  sun,  and 
would  acquire  on  the  way  such  a  velocity  that,  in  tlie  collision, 
a  blaze  of  light   and   heat  would  be  produced   in  the  course  of 
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a  few  minutes  equal  to  what  the  sun  emits  in  95  years.  Tho.t  is, 
indeed,  a  prodigious  amount  of  lieat;  but  just  consider  the  result 
if  all  the  jDlanetary  bodies  were  to  fall  into  the  sun.  Take  Jupiter 
with  its  enormous  mass,  which,  if  falling  into  the  sun,  would  in 
a  few  moments  cause  an  evolution  of  32,240  years'  heat.  Take 
them  all  together — suppose  all  the  planets  were  falling  into  the  sun 
— the  whole  emission  of  heat  due  to  all  the  planets  striking  the 
sun,  with  the  velocities  they  would  acquire  in  falling  from  their 
present  distances,  would  amount  to  something  under  46,000  years' 
heat.  We  do  not  know  these  figures  very  well.  They  may  be 
wrong  by  ten  or  twenty  or  thirty  per  cent.,  but  that  does  not 
influence  much  the  kind  of  inference  we  draw  from  them.  Now, 
what  a  drop  in  the  ocean  is  the  amount  of  energy  of  the  motion 
of  the  planets,  and  work  to  be  done  in  them  before  they 
reach  theii'  haven  of  rest,  the  sun,  compared  with  what  the 
sun  has  emitted  already!  I  suppose  all  geologists  admit  that 
the  sun  has  shone  more  than  46,000  years  ?  Indeed,  all  consider 
it  well  established  that  the  sun  has  already,  in  geological  periods 
emitted  ten,  twenty,  a  hundred,  perhaps  a  thousand — I  won't 
say  a  hundred  thousand — but  perhaps  a  thousand  times  as  much 
heat  as  would  be  produced  by  all  the  planets  falling  together  into 
the  sun.  AiiqI  yet  Pla}'fair  and  his  followers  have  totally  disre- 
garded this  prodigious  dissipation  of  energy.  He  speaks  of  the 
existing  state  of  things  as  if  it  must  or  could  have  been  perennial. 
23. — Now,  if  the  sun  is  not  created  a  miraculous  body,  to  shine 
on  and  give  out  heat  for  ever,  we  must  suppose  it  to  be  a  body 
subject  to  the  laws  of  matter  (I  do  not  say  there  may  not  be  law.^ 
which  we  have  not  discovered)  but,  at  all  events,  not  violating 
any  laws  we  have  discovered  or  believe  we  have  discovered.  We 
must  deal  with  the  sun  as  we  should  with  any  large  mass  of  molten 
iron,  or  silicon,  or  sodium.  We  do  not  know  whether  there  is 
most  of  the  iron,  or  the  silicon,  or  the  sodium — certainly  there  is 
sodium;  as  I  learned  from  Stokes  before  the  end  of  the  year  1851  ; 
and  certainly,  as  Kirchhoff  has  splendidly  proved,  there  is  iron. 
But  we  must  reason  upon  the  sun  as  if  it  were  some  body  having 
properties  such  as  bodies  we  know  have.  And  this  is  also  worthy 
of  attention  :— naturalists  aflirm  that  every  body  the  earth  has 
ever  met  in  its  course  through  the  universe,  has,  when  examined, 
been  proved  to  contain  only  known  elements — chemical  substances 
such  as  vre  know  and  have  previoii.^ly  met  on  the   earth's  surface. 
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If  we  could  get  from  the  sun  a  piece  of  its  substance  cooled,  wc 
should  find  it  to  consist  of  stone  or  slag,  or  metal,  or  crystallised 
rock,  or  something  that  would  not  astonish  us.  So  we  must  reason 
on  the  sun  according  to  properties  of  matter  known  to  us  here. 

24. — In  1854,  I  advocated  the  hypothesis  that  the  energy  con- 
tinually emitted  as  light  (or  radiant  heat)  miglit  be  replenished 
constantly  by  meteors  falling  into  the  sun  from  year  to  year;  but 
very  strong  reasons  have  induced  me  to  leave  that  part  of  the 
theory  tlien  advocated  by  me  which  asserted  that  the  energy 
radiating  out  from  year  to  year  is  supplied  from  year  to  year;  and 
to  adopt  Helmholz's  theory,  that  the  sun's  heat  was  generated  in 
ancient  times  by  the  work  of  mutual  gravity  betsveen  masses  falling 
together  to  form  his  body.  The  strongest  reason  which  compelled 
me  to  give  up  the  former  hypothesis  was,  that  the  amount  of  bodies 
circ\ilating  round  the  sun  within  a  short  distance  of  his  surface, 
which  Avould  be  required  to  give  even  two  or  three  thousand  years 
of  heat,  must  be  so  great,  that  a  comet  shooting  in  to  near  the 
sun's  surface  and  coming  away  again,  would  inevitably  show  signs 
of  resistance  to  a  degree  that  no  comet  has  shown.  In  fact,  we 
have  strong  reason  to  believe  that  there  is  not  circulating  round 
the  sun,  at  present,  enough  of  meteors  to  constitute  a  few 
thousand  years  of  future  sun-heat.  If,  then,  we  are  obliged  to  give 
up  -every  source  of  supply  from  without — and  I  say  it  advisedly, 
because  there  is  no  sub-marine  wire,  no  "underground  railway," 
leading  into  the  sun — we  see  all  round  the  sun,  and  we  know  that 
there  is  no  other  access  of  energy  into  the  sun  than  meteors, — if, 
then,  we  have  strong  reason  to  believe  that  there  is  no  continual 
supply  of  energy  to  the  sun,  we  are  driven  to  the  conclusion  that 
it  is  losing  energy.  Now,  let  us  take  any  reasonable  view  we  can. 
Suppose  it  is  a  great  burning  mass,  a  great  mass  of  material  not 
yet  combined,  but  ready  to  combine,  a  great  mass  of  gun-cotton,  a 
great  mass  of  gunpowder,  or  nitro-glycerine,  or  some  other  body 
having  in  small  compass  the  potential  elements  of  a  vast  develop- 
ment of  energy.  We  may  imagine  that  to  be  the  case,  and  that 
he  is  continually  burning  from  the  combustion  of  elements  within 
himself ;  or  we  may  imagine  the  sun  to  be  merely  a  heated  body 
cooling  ;  but  imagine  it  as  we  please,  we  cannot  estimate  more  on 
any  probable  hypothesis,  than  a  few  million  years  of  heat.  When 
I  say  a  few  millions,  I  must  say  at  the  same  time,  that  I  consider  one 
hundred  millions  as  being  a  few,  and  I  cannot  see  a  decided  reason 
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against  admitting  that  the  sun  may  have  had  in  it  one  hundred 
million  years  of  heat,  according  to  its  present  rate  of  emission, 
in  the  shape  of  energy.  An  article,  by  myself,  published  in 
Macmillan's  Magazine,  for  March,  1862,  on  the  age  of  the  sun's  heat, 
explains  results  of  investigation  into  various  questions  as  to  possibi- 
lities regarding  the  amount  of  the  heat  that  the  sun  could  have, 
dealing  with  it  as  you  would  with  a  stone,  or  a  piece  of  matter, 
only  taking  into  account  the  sun's  dimensions,  which  showed  it  to 
be  possible  that  the  sun  ma}^  have  already  illuminated  the  earth  for 
as  many  as  one  hundred  million  years,  but  at  the  same  time  also 
rendered  it  almost  certain  that  he  had  not  illuminated  the  earth  for 
five  hundred  millions  of  years.  The  estimates  here  are  necessarily 
very  vague,  but  yet  vague  as  they  are,  I  do  not  know  that  it  is 
possible,  upon  any  reasonable  estimate,  founded  on  known  j)roper- 
ties  of  matter,  to  say  that  we  can  believe  the  sun  has  really 
illuminated  the  earth  for  five  hundred  million  years. 

25. — But  Playfair  looks  to  the  earth,  and  says  that  while 
the  heavenly  bodies  give  every  evidence  of  having  gone  on  for 
ever  as  now,  the  earth,  in  the  phenomena  presented  all  through  its 
crust,  to  unprejudiced  observers,  gives  similar  evidence,  and 
seems  to  indicate  no  evidence  of  a  beginning,  and  no  progress  or 
advance  towards  an  end.  Now,  let  us  consider  the  question  of 
underground  heat.  The  earth,  if  we  bore  into  it  anywhere,  is 
warm,  and  if  we  could  apjoly  the  test  deep  enough,  we  should,  no 
doubt,  find  it  very  warm.  Suppose  you  should  have  here  before  you 
a  globe  of  sandstone,  and  boring  into  it  found  it  warm,  boring 
into  another  place  found  it  warm,  and  so  on,  would  it  be  reasonable 
to  say  that  that  globe  of  sandstone  has  been  just  as  it  is  for  a 
thousand  days  1  You  would  say,  ''  No ;  that  sandstone  has  been 
in  the  fire,  and  heated  not  many  hours  ago."  It  would  be  just  as 
reasonable  to  take  a  hot  water  jar,  such  as  is  used  in  carriages, 
and  say  that  that  bottle  has  been  as  it  is  for  ever — as  it  was  for 
Playfair  to  assert  that  the  earth  could  have  been  for  ever  as  it 
is  now,  and  that  it  shows  no  traces  of  a  beginning,  no  progress 
towards  an  end. 

26. — There  have  been  feeble  attempts  to  reason  away  the  argu- 
ment from  under- ground  heat.  The  geologists,  to  whose  theory 
I  object,  do  at  the  same  time,  I  believe,  admit  that  the 
temperature  increases  downwards,  wherever  observations  have 
been  made.     They  have  hithei  Lo  taken  a  somewhat  supine  view 
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of  the  subject.  Admitting  that  there  is  in  many  places  evidence 
of  au  increase  of  temperature  downwards,  tliey  say  they  have  not 
evidence  enough  to  show  that  there  is  increase  of  temperature 
downwards  in  all  parts  of  the  earth,  or  enough  of  evidence  to 
allow  us  to  say  that  the  theory  that  accounts  for  underground 
heat,  by  local  chemical  action,  may  not  be  true.  This  being  the 
state  of  the  case  as  regards  underground  heat,  where  must  we 
apply  to  get  evidenced  Observation;  observation  only.  We 
must  go  and  look.  We  must  bore  the  earth  here  in  the 
neighbourhood.  We  must  examine  underground  temperature  in 
other  places.  We  must  send  out  and  bore  under  the  African 
deserts,  where  water  has  not  reached  for  hundreds  of  years.  The 
whole  earth  must  be  made  subject  to  a  geothermic  survey. 
Having  been  deeply  impressed  with  these  views  for  many  years,  I 
have  long  endeavoured,  in  vain,  to  call  tlie  attention  of  geologists 
to  them.  I  now  feel  very  greatly  indebted  to  the  Geological  Society 
of  Glasgow,  for  giving  me  the  opportunity  of  speaking  of  them 
this  evening,  I  may  be  allowed  to  add  that  on  the  occasion  of 
the  recent  meeting  of  the  British  Association,  at  Dundee,  the 
importance  of  investigation  of  underground  tem2)erature  was  not 
denied  by  geologists,  before  whom  the  subject  was  brought  in  the 
first  instance,  on  that  occasion,  by  a  paper  by  the  Hungarian  natur- 
alist, Schwarcz.  A  result  of  the  discussion  which  followed  the 
reading  of  that  paper  was  the  appointment  of  a  committee  for 
investigating  underground  temperature. 

27. — The  laws  of  the  progress  of  summer  heat  and  winter  cold 
downwards  were  investigated  thoroughly  by  the  great  French  ma- 
thematician Fourier,  and  made  the  subject  of  observation  in  difierent 
localities.  We  know  very  well  now  what  temperature,  so  far  as  the 
annual  variation  is  concerned,  may  be  expected  to  bo  found  at  ten, 
twenty,  or  thirty  feet  down,  according  to  the  conductivity  and 
capacity  for  heat  of  the  strata.  If  we  bore  down  to  a  depth  of  24 
feet  we  may  find,  in  midwinter,  the  highest  temperature.  Probably, 
last  midsummer's  heat  is  now  about  reaching  thirty  feet  below  this 
place.  Principal  Forbes,  instituted  experiments  on  the  Calton  Hill, 
at  the  Craigleith  Quarry,  and  the  Experimental  Gardens,  and  in 
these  three  places  the  observations  were  continued  for  several  years, 
the  temperature  being  observ^ed  every  week.  From  these  observa- 
tions, he  calculated  the  conducting  powers  of  the  different  strata, 
and  his  results   were,  I  believe,  the  first  obtained  of  an  accurate 
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kind  regarding  the  conducting  power  of  rock  in  its  natural 
condition  in  the  earth's  crust.  Angstrom  made  similar  experi- 
ments in  Sweden,  and  deduced  results  on  the  same  principles. 
Similar  observations  were  made  at  Greenwich,  and  calculated  by 
Dr.  Everett;  so  from  these  results  we  may  consider  the  conductivity 
of  ordinary  surface  rocks  as  generally  very  well  known. 

28. — But  the  question,  how  much  does  temperature  increase 
downwards  from  hundred  feet  to  hundred  feet,  is  one  which 
has  been  but  very  imperfectly  investigated  indeed.  Observa- 
tion of  temperature  in  mines,  as  Schwarcz  points  out,  and 
as  Phillips  pointed  out  in  the  Geological  Society  of  London, 
are  very  unsatisfactory.  Air  circulating  through  the  mines, 
and  water  percolating  and  being  pumped  out,  give  rise  to  dis- 
turbance? ,>o  great,  that  wo  cannot  say  if  in  a  low^er  level  of 
a  mine  v.e  find  a  colder  temjierature  than  in  a  higher  level,  the 
result  is  due  to  colder  strata.  The  best  ventilated  deep  mine  will 
be  the  coolest ;  and,  in  passing,  I  may  remark,  which  is,  perhaps, 
of  some  interest  in  the  present  and  prospective  state  of  the 
question  of  the  supply  of  coal,  that  we  know  no  limit  of  the  depth 
to  which  coal  may  be  worked,  depending  on  terrestrial  temperature. 
Suppose  there  was  coal,  or  rather  charcoal,  where  the  strata  were 
red  hot,  it  might  be  gone  into  and  that  with  perfect  ease.  All 
that  is  necessary  is  plenty  of  ventilation.  This  will  keep  the 
temjierature  cool  enough  for  working,  and  thus  there  is  no  limit 
whatever  to  the  depth  to  which  the  miner  may  proceed.  I  do 
not  say  it  would  not  be  enormously  more  ex2')ensive  to  bring  up 
coal  (gas-coke,  or  charcoal)  from  four  thousand  fathoms,  if  there 
is  any  at  so  great  a  depth,  than  to  bring  up  what  we  call  coal 
from  a  depth  of  one  hundred  or  two  hundred  fathoms,  but  that  it 
could  be  got  at,  and  brought  out,  notwithstanding  even  a  red  hot 
temperature  of  the  surrounding  strata  is  quite  certain.  Plenty  of 
ventilation,  conducted  on  proper  thermodynamic  principles,^  will 

1  That  is  to  any,  the  air  must  be  compressed  and  cooled  at  the  np])er  surface, 
or  at  some  convenient  place  in  the  mine  or  shaft,  at  no  great  depth  below  the 
.surface.  This  cold  dense  air  must  be  conducted  to  the  lowest  levels  tlu-ough  a 
strong  enough  pipe,  and  allowed  to  expand  into  the  mine  through  an  engine,  or 
engines,  like  a  common  high  pressure  engine  working  exjiansively,  A  great 
part  of  the  work  of  this  enguie  must  be  spent  otherwise  than  in  generating  heat 
in  the  mine ;  for  instance,  it  may  be  used  for  working  the  gear  to  raise  the 
mineral.  A  portion  of  its  work  may  be  spent  in  cutting  out  the  minerals,  as 
is  sometimes  done  at  present  by  compressed-air  engines;  but  it  must  be  remem- 
bered that  the  full  dyiamical  equivalent  of  this  jiart  of  the  work  of  the  engine  is 
developed  in  heat  in  the  mine.     Probably  the  best  practical  plan  for  working 
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give  quite  a  satisfactory  temperature  for  the  workers  in  the 
mines. 

29. — AH  sound  naturalists  agree  that  we  cannot  derive  accurate 
knowledge  of  underground  temperature  from  mines.  But  every  bore 
that  is  made  for  the  purpose  of  testing  minerals  gives  an  opportu- 
nity of  observation.  If  a  bore  is  made,  and  is  left  for  two  or  three 
days,  it  will  take  the  temperature  of  the  surrounding  strata.  Let 
down  a  thermometer  into  it,  take  proper  moans  for  asceilainiug 
its  indications,  draw  it  u[),  and  you  have  the  measure  of  the  tem- 
perature at  each  depth.  There  are  most  abundant  opportunities 
for  geothermic  suveys  in  this  locality  by  the  numerous  bores  made 
with  a  view  to  testing  minerals,  and  which  have  been  left  either  for 
a  time  or  permanently  without  being  m;ide  the  centre  of  a  shaft. 
Through  the  kindness  of  j\Jr.  Campbell,  of  Blythswood,  several 
bores,  in  the  neighbourhood  of  his  hoi:  >c  have  been  put  at  the  dis- 
posal of  the  committee  of  the  British  Association,  to  wluch  I  have 
referred.  In  one  of  these  bores  very  accurate  observations  have  been 
made,  showing  an  increase  of  temperature  downwards,  but  which 
is  not  exactly  the  same  in  all  the  strata,  the  difterence  being, 
no  doubt,  due  to  different  thermal  conductivities  of  theii*  different 
substances.  I  need  not  specify  minutely  the  numbers,  but  I  may 
say  in  a  general  .way,  that  the  a\  erage  increase  is  almost  exactly 
-^^J  of  a  degree  Fahrenheit  i)er  foot  of  descent;  which  agi-ees  with 
the  estimate  generally  admitted  as  a  rough  average  for  the  rate  of 
increase  of  iindeiground  temperature  in  other  localities. 

Another  bore  has  been  put  at  the  disposal  of  the  committee, 
and  the  investigation  of  it  is  to  be  commenced  immediately,  so  that 
I  hope  in  the  course  of  a  few  days  some  accurate  results  Mill  be  got. 
It  has  been  selected  because  the  mining  engineer  states  in  his^ 
report    that   the    coal    has   been   very  much  burned    or  charred, 

very  deep  mines  will  bo  to  emjiloy  the  engine  power  uslcI  at  the  surface  .ill  in 
compressing  air;  the  compressed  air  to  be  cooled,  either  by  water,  if  there  is  a 
sufBcient  cold  water  supply,  or  by  radiation  to  the  sky,  and  by  atmospheric  con- 
vection. This  condensed  air  shovdd  be  used  for  working  the  engine  or  engines  in 
proper  places  at  the  great  depths  required  to  work  the  gear  for  raising  the  minerals, 
etc.,  and  small  cutting  engines  in  various  i>artsof  the  workings.  Thus  a  suflBcieni 
supply  of  cool  air  may  bo  distributed  tlu-ough  the  mine.  If  the  ordinarj'  methcd 
of  ventilation  by  drawinij  out  ail-,  whether  by  an  ail-  pump,  or  by  a  fire  burning  at 
the  foot  of  vertical  shaft  be  used,  the  do^-n  current  of  fresh  air  -will  be 
warmed  to  the  amount  of  nearly  1*^  C.  for  every  fifty  fathoms  of  descent,  by  the 
natural  compression  of  the  air  through  its  o-v\-n  weight  or  more  exactly  IS*-^  cent 
per  1000  fathoms :  being  ^pVir  of  a  degree  centigrade  per  foot,  according  to  an 
investigation  which  I  have  given  in  the  proceedings  of  the  "Manchester  Literary 
and  Philosophical  Society,  January  1862,  "On  the  Convcctive  Equilibrium  of 
Temperature  in  the  Atmonphero."' 
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showing  the  eflect  of  heat;  andit  becomes  an  interesting  question, 
Ai'e  there  any  remains  of  that  heat  that  charred  the  coal  in 
ancient  times;  or  has  it  passed  off  so  long  ago  that  the  strata 
are  now  not  sensibly  warmer  on  account  of  it  1 

30. — I  shall  conclude  by  simply  referring  to  calculations  re- 
garding the  quantity  of  heat  at  present  conducted  out  from  the 
interior  of  the  earth,  wliich  I  have  given  in  an  article,  entitled 
"The  'Doctrine  of  Uniformity'  in  Geology,  briefly  refuted;"^ 
and  to  analytical  investigations  regarding  antecedents  of  the  present 
condition  of  underground  heat  contained  in  a  paper  "  On  the 
Secular  Cooling  of  the  Earth,"  ^  appended  to  the  volume  on 
"Natural  Philosoj^hy"  by  Professor  Tait  and  myself,  recently 
published.  The  first  of  these  shows,  by  mere  calculation  of  the 
actual  conduction,  that  the  present  rate  of  increase  of  underground 
temperature  could  not  last  for  twenty  or  thirty  thousand  million 
years,  without  there  being  dissipated  out  of  the  earth  as  much  heat 
as  would  be  given  off  by  a  quantity  of  ordinary  surface  rock  equal 
to  100  times  the  earth's  mass,  cooling  from  100"^  ceut.  to  0*^.  In 
the  second,  by  the  analytical  investigation  of  antecedents  it  is 
sho^vn  that  the  present  condition  implies  either  a  heating  of  the 
surface,  within  the  last  20,000  years  of  as  much  as  100  degrees, 
Fahi'.,  or  a  greater  heating  all  over  the  surface  at  some  time 
farther  back  than  20,000  years. ^ 

Now,  are  geologists  prepared  to  admit  that  at  some  time  within 
the  last  20,000  years  there  has  been  all  over  the  earth  so  high 
a  temperature  as  that  ?  I  presume  not ;  no  geologist — no  modern 
geologist — would  for  a  moment  admit  the  hypothesis  that  the 
present  state  of  underground  heat  is  due  to  a  heating  of  the 
surface  at  so  late  a  period  as  20,000  years  ago.  If  that  is  not  ad- 
mitted we  are  driven  to  a  greater  heat  at  some  time  more  than 
20,000  years  ago.  A  greater  heating  all  over  the  surface  than 
100  degrees,  Fahr.,  would  kill  nearly  all  existing  plants  and 
animals,  I  may  safely  say.  Are  modern  geologists  prepared 
to  say  that  all  life  was  killed  off  the  earth  50,000,  100,000,  or 
200,000  years  ago?  For  the  uniformity  theoiy,  the  farther  back 
the  time  of  high  surface  temperature  is  put  the  better;  but  the 
farther  back  the  time  of  the  heating,  the  hotter  it  must  have  been. 

1  Proceedings  R.  S.  E.     December,  1865. 

2  First  pubUshed  in  the  Trans.  R.S.E.,  1862- 

^  Thomson  and  Tait.  Appendix  D.  §  (j.) 
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The  best  for  those  who  draw  most  largely  on  time  is  that  which 
puts  it  fiirthest  back,  and  that  is  the  theory  that  the  heating  was 
enough  to  melt  the  whole.  But  even  if  it  was  enough  to  melt 
the  whole,  we  must  still  admit  some  limit,  such  as  fifty  million  years, 
one  hundred  million  years,  or  two  or  three  hundred  million  years 
ago.^  Beyond  that  we  cannot  go.  The  argument  described  (§  19) 
above  regarding  the  earth's  rotation  shows  that  the  earth  has  not 
gone  on  as  at  present  for  a  thousand  million  years.  Dynamical 
theory  of  the  sun's  heat  renders  it  almost  impossible  that  the  earth's 
surface  has  been  illuminated  by  the  sun  many  times  ten  million  years. 
And  when  finally  we  consider  underground  temperature  we  find 
ourselves  driven  to  the  conclusion  in  every  way,  that  the  existing 
state  of  things  on  the  earth,  life  on  the  earth,  all  geological  history 
showing  continuity  of  life,  must  be  limited  within  some  such  period 
of  past  time  as  one  hundred  million  years. 

APPENDIX. 

On  the  Observations  and  Calculations  bequired  to  find  the 
Tidal  TtETARDATioN  of  the  Earth's  Hotation.'- 

Tii^  first  2'>uhUcation  of  any  definite  estimate  of  the  possible  amount  of  the 
diminution  of  rotatory  velocity  experienced  by  the  earth  through  tidal 
friction  is  due,  I  believe,  to  Mr.  William  Ferrel,  and  is  to  be  found  in  the 
Number  for  December  8,  1853,  of  the  Astronomical  Joiuiial  of  Cambridge, 
United  States.  It  is  founded  on  calculating  the  moment  round  the  earth's 
centre  of  the  attraction  of  the  moon,  on  a  regidar  spheroidal  shell  of  water 
symmetrical  about  its  longest  axis,  this  being  (through  the  influence  of 
fluid  friction)  kept  in  a  position  inclined  backwards  at  an  acute  angle  to 
the  line  from  the  earth's  centre  to  the  moon.  One  of  the  simplest  ways 
of  seemg  the  result  is  this : — First,  by  the  known  conclusions  as  to  the 
attractions  of  ellipsoids,  or  still  more  easily  by  the  consideration  of  the 
proper  *' spherical  harmonic  "^  (or  Laplace's  coefficient)  of  the  second 
degree,  we  see  that  an  equipotential  surface  lying  close  to  the  bounding 
surface  of  a  nearly  spherical  homogeneous  solid  ellipsoid  is  approximately 
an  ellipsoid  with  axes  differing  from  one  another  by  tlu-ee-fifths  of  the 
amounts  of  the  differences  of  the  corresponding  axes  of  the  ellipsoidal 
boundary.  From  this  it  follows  ^  that  a  homogeneous  prolate  spheroid 
of  revolution  attracts  points  outside  it  approximately  as  if  its  mass  were 
collected  in  a  uniform  bar  having  its  ends  in  the  foci  of  the  equipotential 
spheroid.  If,  for  example,  a  globe  of  water  of  21,000,000  feet  radius  (tliia 
being  nearly  enough  the  earth's  radius)  be  altered  into  a  prolate  spheroid 

1  Ibid,   §  (r.) 
2  From  the  Rcdc  Lecture,  Cambridge,  May  23,  18(3(5,  "On  the  Dissipation  of  Energy." 
a  Thomson  and  Tait's  'Natural  Philosophy,'  §  536  (4;. 
4  Ibid.  §  501  and  §  480  (e). 
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Avitli  louqest  radii  exceeding  the  shortest  radii  by  two  feet,  the  equipotential 
spheroid  will  have  longest  and  shortest  radii  differing  by  ^  of  a  foot.  The 
foci  of  this  latter  will  be  at  7100  feet  on  each  side  of  the  centre;  and  there- 
fore the  resultant  of  gravitation  between  the  supposed  spheroid  of  water 
and  external  bodies  will  be  the  same  as  if  its  whole  mass  were  collected 
in  a  uniform  bar  of  14,200  feet  length.  But  by  a  well-known  proposition,  i 
a  uniform  line  F  F '  (a  diagram  is  unnecessary)  attracts  a  point  M  in  the 
line  M  K  bisecting  the  angle  F  M  F'.  Let  C  Q  be  a  perpendicular  from  C, 
the  middle  point  of  F'  F,  to  this  bisecting  line  M  K.  If  C  M  be  60  X  21 
X  10^  (the  moon's  distance),  and  if  the  angle  F  C  M  be  45°  we  find,  by 
elementary  geometry,  CQ='02  of  a  foot  (about  ^  inch).  The  mass  of  a 
globe  of  water  equal  in  bulk  to  the  earth  is  97  X  10^^  tons.  ■^  And,  the 
moon's  mass  being  about  -g\j-  of  the  earth's,  the  attraction  of  the  moon  on 

a  ton  at  the  earth's  distance  is  ,,7:  X  ^7^1    or   -.^  ,,,,-  of  a  ton  force,  if,  for 

brevity,  we  call  a  ton  force  the  ordinary  terrestrial  weight  of  a  ton — 
that  is  to  say,  the  amount  of  the  earth's  attraction  on  a  ton  at  its  surface. 
Hence  the  whole  force  of  the  moon  on  a  globe  of  water  equal  in  bulk  to 

•97      "-1 
the  earth   is  _       or   3 '3  X  10^^  tons  force.     If,  then,  the  tidal  dis- 

turbance were  exactly  what  we  have  supposed,  or  if  it  were  (however 
irregular)  such  as  to  have  the  same  resultant  effect,  the  retarding  influence 
of  the  moon's  attraction  would  be  that  of  3  "3  X  10^^  tons  force  acting  in  the 
plane  of  the  equator  and  in  a  line  passing  the  centre  at  3—  of  a  foot  distance. 
Or  it  would  be  the  same  as  a  simple  frictional  resistance  (as  of  a  friction- 
Ijrake)  consisting  of  3*3  X  lO^s  tons  force  acting  tangentially  against  the 
motion  of  a  pivot  or  axle  of  about  4  inch  diameter.  To  estimate  the  re- 
tardation produced  by  this,  we  shall  suppose  the  square  of  the  earth's 
radius  of  gyration,  instead  of  being  |-,  as  it  would  be  if  the  mass  were 
homogeneous,  to  be  5  of  the  square  of  the  radius  of  figure,  as  it  is  made 
to  be,  by  Laplace's  probable  law  of  the  increasing  density  inwards,  and 
by  the  amount  of  precession  calculated  on  the  supposition  that  the  earth 
is  quite  rigid.  Hence  (if  we  take  ^7  =  32-2  feet  per  second  generated  per 
second,  and  the  earth's  mass  =  5'3  X  10"^i  tons)  the  loss  of  angular  velocity 
per  second,  on  the  other  suppositions  we  have  made,  will  be 

32-2  X  3-3  X  101^  X  -02         ^. 
0-3  X  1021  X  J^  (21  X  10«)2'  "1  -  '  A  iv^      . 

The  loss  of  angular  velocity  in  a  century  would  be  31  i  X  10^  times  this,  or 

bo  X  10-1^,  which  is  as  much  as  jk^  oi  ggTMn'  *^®  present  angular  velocity. 

Thus  in  a  century  the  earth  would  be  rotating  so  much  slower  that,  regarded 
as  a  time-keeper,  it  would  lose  about  1  "16  seconds  in  ten  million,  or  3  6  seconds 
in  a  year.     And  the  accumulation  of  effect  of  uniform  retardation  at  that 

1  Ibid.  §  4S0  (&,  and  [a). 

2  111  stating  large  masses,  if  Englisli  measures  are  used  at  all,  the  ton  is  coiiTcnient. 
liecause  it  is  1000  kilogrammes  nearly  enroigh  for  many  practical  puriioses  and  rough 
estimates.  It  is  101G047  kilogrames ;  so  that  a  ton  diminished  by  about  16  per  cent, 
wuuld  be  just  1000  kilogrammes. 
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rate  would  throw  the  earth  as  a  time-keeper  behind  a  perfect  chronometer 
(set  to  agree  with  it  in  rate  antl  absolute  indication  at  any  time)  by  180 
seconds  at  the  end  of  a  century,  720  seconds  at  the  end  of  two  centuries, 
and  so  on.  In  the  present  very  imperfect  state  of  clock-making  {which 
scarcely  produces  an  astronomical  clock  tM'o  or  three  times  more  accurate 
than  a  marine  chronometer  or  good  pocket- watch),  the  only  chronometer 
by  which  we  can  check  the  earth  is  one  which  goes  much  worse — the  moon. 
The  marvellous  skill  and  vast  labour  devoted  to  the  lunar  theory  by  the 
gi-eat  physical  astronomers  Adams  and  Delaunay,  seemed  to  have  settled 
that  the  earth  has  really  lost  in  a  century  about  ten  seconds  of  time  on  the 
moon  corrected  for  all  the  perturbations  which  they  had  taken  into  account, 
^f.  Delaunay  has  suggested  that  the  true  cause  may  be  tidal  friction,  which 
he  has  proved  to  be  probably  sufiicient  by  some  such  estimate  as  the  pre- 
ceeding.  i  But  the  many  disturbing  intlucnces  to  which  the  earth  is 
exposed  render  it  a  very  untrustworthy  time-keeper.  For  instance,  let 
us  suppose  ice  to  melt  from  the  polar  regions  (20 '  round  each  pole,  we  may 
say)  to  the  extent  of  something  more  than  a  foot  thick,  enough  to  give  1  1 
foot  of  water  over  those  areas,  or  'OOG  of  a  foot  of  water  if  spread  over  the 
whole  globe,  which  would  in  reality  raise  the  sea-level  by  only  some  such 
almost  undiscoverable  difference  as  |  of  an  inch,  or  an  inch.  This,  or  the 
reverse,  which  we  may  believe  might  happen  any  year,  and  could  certainly 
not  be  detected  without  far  more  accurate  observations  and  calculations 
for  the  mean  sea-level  than  any  hitherto  made,  would  slacken  or  quicken 
the  earth's  rate  as  a  time-keeper  by  one-tenth  of  a  second  per  year. "" 

Again  an  excellent  suggestion,  supported  by  calculations  which  show  it 
to  be  not  improbable,  has  been  made  to  the  French  Academy  by  M. 
Dufour,  that  the  retardation  of  the  earth's  rotation  indicated  by  M, 
Delaunay,  or  some  considerable  part  of  it,  may  be  due  to  an  increase  of 
its  moment  of  inertia  by  the  incorporation  of  meteors  falling  on  its  surface. 
If  we  suppose  the  previous  average  moment  of  momentum  of  the  meteors 
round  the  earth's  axis  to  be  zero,  their  influence  m  ill  be  calculated  just  as 
I  have  calculated  that  of  the  supposed  melting  of  ice.  Thus  meteors 
falling  on  the  earth  in  fine  powder  (as  is  in  all  probability  the  lot  of  the 

1  It  seems  hopeless,  without  waiting  for  some  centuries,  to  arrive  at  any  approach  to 
an  exact  dctermiuation  of  the  amoi;nt  of  the  actual  retardation  of  the  earth's  rotation  bv 
lidal  friction,  except  by  extensive  r.nd  accurate  observation  of  the  amounts  and  times  of 
the  tides  on  the  sliorcs  of  continents  and  islands  in  all  seas,  and  much  assistance  from 
frue  dynamical  theory  to  estimate  these  elements  all  over  the  sea.  But  supposing  them 
known  for  eveiy  part  of  the  sea,  the  retardation  of  the  earth's  rotation  is  easily  calculated 
by  quadratures. 

2  The  calculation  is  .simply  this.  Let  E  be  the  earth's  whole  ma.ss.  a  its  radius,  i-  its 
radius  of  gyration  before,  and  /.'  after  the  supposed  melting  of  the  ice,  and  W  the  mass  of 
ice  melted.  Then,  since  §a'^  is  the  square  of  llio  radius  of  gj-ration  of  the  thin  shell  of 
water  supposed  spread  uniformly  over  the  whole  surface,  and'that  of  either  ice-cap  is  ven.- 
approximately  },ir  (sin  20'")",  we  have 

Ei'-=E^-^-f'\V((-  (ij-j  (sin  20° -1. 

And.  by  the  pnnciple  of  the  conservation  of  moments  of  momentum,  the  rotatory  velocity 
of  the  earth  will  vary  invei-sely  as  the  square  of  its  radius  of  gyration.  To  put  *this  into 
uumbei-9,  we  take,  as  above,  i-=ia2  and  0=21  x  lO*^.  And  a.s  the  mean  density  of  the 
earth  is  about  [>),  times  that  of  water,  and  the  bulk  of  a  globe  is  the  area  of  its  surface  into 
A  of  its  radius, 

1.'  .    ■n-  .  .     5.5a     .    n,-r. 
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greater  number  that  enter  the  earth's  atmosphere  and  do  not  escape  into 
external  space  again)  enough  to  form  a  layer  about  •—■  of  a  foot  thick  in 
100  years,  if  of  2 '4  times  the  density  of  water,  would  produce  the  supposed 
retardation  of  10^  on  the  time  shown  by  the  earth's  rotation.  But  this 
would  also  accelerate  the  moon's  mean  motion  by  the  same  proportional 
amount ;  and  therefore  a  layer  of  meteor-dust  accumulating  at  the  rate  of 
—  of  a  foot  per  century,  or  1  foot  in  4000  years,  would  suffice  to  explain 
Adams  and  Delaunay's  result.  I  see  no  other  way  of  directly  testing 
the  probable  truth  of  ]\I.  Dufour  s  very  interestmg  hypothesis  than 
to  chemically  analyze  quantities  of  natural  dust  taken  from  any  suitable 
localities  (such  dust,  for  instance,  as  has  accumulated  in  two  or  three 
thousand  years  to  depths  of  many  feet  over  Egyptian,  Greek,  and  Roman 
monuments).  Should  a  considerable  amount  of  iron  with  a  large  proportion 
of  nickel  be  found  or  not  found,  strong  evidence  for  or  against  the  meteoric 
origin  of  a  sensible  part  of  the  dust  would  be  afforded. 

Another  source  of  error  in  the  earth  as  a  time -keeper,  which  has  often 
been  discussed,  is  its  shrinking  by  cooling.  But  I  find  by  the  estimates 
I  have  given  elsewhere  i  of  the  present  state  of  deep  undergroimd  tem- 
peratures, and  by  taking  xodVfo  ^^  ^^^  vertical  contraction  per  degree 
Centigrade  of  cooling  in  the  earth's  crust,  that  the  gain  of  time  on  this 
account  by  the  earth,  regarded  as  a  clock,  must  be  extremely  small,  and 
may  even  not  amount  to  more  in  a  century  than  -^  of  a  second  or  g^^Q^ 
of  the  amount  estimated  above  as  conceivably  due  to  tidal  friction. 


II.    Miscellaneous    Notes    on    Chemical    Geology.      By  J. 
Wallace  Young. 

Read,  March  5,  1868. 

I.   On  the  Analysis  of  Foliated  Chlorite  peom  St.  Catheeixe's, 

LOCHFYNE. 

Colour,  blackish  gi'een;  lustre,  pearly;  consists  of  long,  narrow 
foliae  cohering  together,  rendering  the  mineral  almost  fibrous  in 
appearance.  In  thin  leaves  nearly  transparent.  When  in  a  state 
of  very  fine  subdivision,  it  is  entii^ely  decomposed  by  sulphuric  acid. 

Sp.  Gk.  2-781  @  15-5°  c. 

SiHcic  acid, 33 '55 

Alumina, 15'00 

Ferrous  Oxide, 10*78 

Magnesia, 29*73 

"Water  (by  difference), 10  "94 

No  chromium  present.  «  100 '00 

1  "  Secular  Cooling  of  the  Earth,"  Tran.saction3  of  the  Loya  Society  of  Edinburgh, 
1862 ;  and  Philosophical  Magazine,  January,  1863. 
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In  one  specimen  tlie  clilorite  was  associated  witli  a  ferriferous 
dolomite,  in  rhomLoidal  crystals.     Its  composition  is  as  follows: — 

Sp.  Gr.  2-935  @  15-5°  c. 

Carbonate  of  lime, 53  '00 

,,            iron, 8  16 

,,            magnesia, 39  •00 

100-lG 
Trace  of  manganese. 

II.  On  the  presence  of  Sulphide  of  Zinc  in  a  Crystalline  Car- 
bonate FROM  A  Trap  Dyke. 

In  a  trap  dyke  at  Fairly,  Ayrshire,  a  white  crystalline  carbonate 
of  iron,  magnesia,  and  lime,  is  found,  which  contains  some  very 
small  brownish- black  crystals.  These  were  first  observed  by 
Mr.  Wiinsch  who  gave  me  the  specimens  for  examination.  On 
separating  some  of  the  small  crystals  and  applying  suitable  tests, 
they  wxre  found  to  consist  of  sulphide  of  iron  and  zinc.  In  order 
to  confirm  this  thoroughly,  a  considerable  quantity  of  the  crystalline 
carbonate  was  coarsely  pulverized  and  treated  with  dilute  hydro- 
chloric acid ;  a  blackish  residue  was  left  which  consisted  wholly  of 
sulphide  of  iron  and  zinc.  The  hydrochloric  acid  solution  of  the 
carbonates  gave  no  indication  of  zinc.  A  portion  of  the  trap  dyke 
itself  was  tested  carefully  for  zinc,  but  none  was  foimd.  The  trap 
was  very  hard  and  effervesced  freely  with  acids. 

IIT.  On  a  deposit  from  a  Chalybeate  Water. 

The  deposit  was  obtained  in  large  quantities  lately  in  cleaning 
out  a  M^ater  course  which  conveys  to  the  seashore  the  accumulated 
waters  of  some  old  coal  workings  in  the  neighbourhood  of 
Portobello,  near  Edinburgh. 

When  dried,  the  deposit  was  of  a  liglit-brown  colour,  and  did 
not  efi^ervesce  with  acids. 

Composition  dried  @  100°  e. 

Ferric  oxide, 68  "78 

Alumina, -         -  -07 

Water, 19  19 

Clay  and  sand, S'05 

Sihcic  aciJ, 2-85 

99-54 
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The  deposit  consists,  therefore,  of  hydrated  oxide  of  iron  with 
some  chiy  and  sand  mechanically  intermixed.  The  only  jDcculiarity 
observable  is  the  absence  of  lime  salts — the  portion  analysed 
contained  none  whatever,  and  only  minute  quantities  were  found 
in  other  2)arts. 

Some  of  the  water  from  which  the  deposit  was  obtained  w^as 
collected  for  examination.  It  was  bright  and  clear,  and  deposited 
oxide  of  ii'on  on  standing.  On  boiling  in  a  flask  provided  with  an 
exit  tube,  carbonic  acid  was  evolved,  and  oxide  of  iron  precipitated. 

In  100,000  parts. 
Total  solid  matter  dried®  150<='c.,^-         -         -         -       105-21grs. 

Carbonate  of  iron, 8  21 

Lime, 2051 

Sulphuric  acid, 53  '90 

Silicic  acid, "50 

Other  constituents  not  determined. 

The  dried  residue  of  the  water  gave  no  efi'ervescence  whatever 
with  hydrochloric  acid.  The  iron  existed,  then,  Avholly  as  car- 
bonate, and  the  lime  as  sulphate  ;  consequently  little  or  no  lime 
could  be  deposited  w^ith  the  oxide  of  iron. 

IV.  Ox  Laumonite  from  Water  Aqueduct,  near  Mugdock. 
In  Mr.  John  Young's  paper  on  the  Campsie  district,^  he  speaks 
of  a  light  chocolate-coloured  mineral,   in  radiating  crystals,  re- 
sembling Laumonite.     On  analysing  a  specimen,  I  find  that  its 
composition  shows  it  to  be  such.     It  is  as  follows : — 

Silicic  acid, 51 'SO 

i^lumina, 24*00 

Lime, 10-94 

Water, 1370 

09-04 
The  alumina  contained  a  little  peroxide  of  iron. 

V,  On  some  Mineral  Cavities  in  Trap  riOCK. 

W^hatever  opinion  may  be  held  as  to  the  origin  of  our  trap 
rocks,  there  can  be  no  doubt  that  their  present  aspect  is  due,  to 
a  great  extent,  to  the  metamorphism  they  have  undergone  by 
the  action  of  water.     Thus  we  find  them  changed  with  carbonate 

1  Correction  made  for  Oxide  of  iron  precii-itated,  and  Carbonic  Acid  evolved, 
during  evaporation  of  the  water. 

-  Trans.  Geo!.  Soc.  Glasgow,  vol.  1. 
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of  limo,  zeolites,  and  other  minerals  whose  presence  in  incompatible 
with  any  very  elevated  temperature,  and  which  are  undoubtedly 
of  aqueous  origin.  My  object  at  present  is  simply  to  point  out  a 
few  examples,  and  to  direct  tlie  attention  of  the  members  of  the 
Society  to  this  subject. 

In  the  ti-ap  which  occurs  at  Gourock,  and  which  is  extensively 
quarried  at  the  back  of  the  town,  cavities  containing  fluor  spar  and 
other  minerals  are  frequently  met  with,  as  is  well  known. 
Having  collected  a  considerable  number  of  the.^e,  I  find  they  may 
be  divided  into  three  varieties. 

First,  Cavities  wholly  filled  with  carbonate  of  lime.  At  first 
sight  there  appeared  to  be  notliing  ve.y  interesting  aboutthe.se; 
however,  they  were  placed  in  dilute  iiydrochloric  acid,  and  allowed 
to  remain  until  the  carbonate  of  lime  was  thorouijhlv  removed. 
After  washing  and  drying,  the  surface  of  the  cavity  was  found  to 
be  studded  with  small,  brilliant,  six-sided  prisms  with  pyramidal 
summits — in  fact,  quartz  crystals.  The  order  of  deposition  in  this 
case  was,  1st,  quartz;  2nd,  carbonate  of  lime. 

Second,  Cavities  partially  filled  with  carbonate  of  lime  and 
quartz.  The  cavity  had  been  first  lined  with  carbonate  of  lime, 
and  that  again  covered  with  the  quartz  crystals.  On  i)lacing  in 
dilute  acid  as  before,  the  carbonate  of  lime  was  dissolved  from 
under  the  quartz,  which  was  separated,  the  crystals  adhering 
together  in  the  form  of  a  cake.  Order  of  deposition — 1st, 
carbonate  of  lime;  2nd,  quartz.  Sometimes  a  few  crystals  of 
fluor  spar  were  situated  on  the  quai-tz. 

Third,  Cavities  partially  filled  with  carbonate  of  lime,  with 
tiuor  spar  crystals  situated  theron.  The  fiuor  spar  is  usually  of  a 
fine  deep  purple  colour — generally  in  cubes,  more  rarely  in 
octahedrons.  The  first  and  third  varieties  are  the  most  common  ; 
the  fluor  spar  in  all  cases  that  came  under  my  notice  was  the  last 
formed  mineral. 

Quartz  crystals  situated  on  carbonate  of  lime  are  frequently 
found  in  our  trap  rocks,  and  1  have  many  varieties  from  our  own 
neighbourhood.  I  have  a  specimen  showing  carbonate  of  lime 
and  quartz  associated  together  in  a  rather  curious  manner.  In 
outward  appearance  it  resembles  a  piece  of  common  quartz,  but  on 
placing  in  dilute  hydrochloric  acid,  a  considerable  portion  is 
dissolved,  leaving  a  fantastically  formed  piece  of  quartz.  It  seems 
to  me  that  tlie  quartz  has  been  first  formed,  and  then  partially 
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dissolved  away,  the  interstitial  spaces  being  subsequently  wholly 
filled  with  the  carbonate  of  lime.  From  a  greenstone  quarry  near 
Carntyne,  to  the  east  of  Glasgow,  I  have  specimens  showing 
sulphate  of  Barium  or  heavy  spar  in  thin  plates  situated  on 
carbonate  of  lime.  In  one  specimen  the  tabular  plates  of  the 
heavy  spar  have  been  forcibly  pushed  asunder  by  quartz,  which 
has  crystallized  between  them. 

The  zeolitic  minerals  so  frequently  found  in  trap  rocks  also 
sometimes  show  a  change  in  the  condition  of  deposit.  In  some 
specimens  from  Loch  Thom,  above  Greenock,  a  lime  zeolite  has 
been  deposited  to  the  depth  of  one-eighth  of  an  inch  or  so  round 
the  cavity.  After  this  another  zeolite,  in  long  needles,  and  which 
appears  to  be  Thomsonite,  has  been  deposited  horizontally  across 
the  interior,  the  interstitial  spaces  being  finally  all  filled  with 
calc  spar. 

VI.  0^'  Quartz  Crystals  in  Limestone. 

In  a  previous  communication^  I  directed  attention  to  the  presence 
of  some  quartz  crystals  in  limestone,  and  I  have  now  to  record 
another  instance. 

Mr.  James  Bennie  gave  me  some  shells  belonging  to  the  genus 
Productus,  filled  interiorly  with  crystals,  which,  on  examination, 
^^roved  to  be  quartz.  Mr.  Bennie  obtained  the  shells  from  rotten 
limestone  of  carboniferous  age,  occurring  beneath  glacial  drift,  in  a 
railway  cutting  at  Waterland,  parish  of  Dunlop,  Ayrshire.  They 
were  quite  perfect  exteriorly,  the  interior  being  either  wholly  or 
partially  filled  with  the  quartz.  In  no  case  were  there  any  quartz 
crystals  observed  outside  the  shells,  or  in  any  other  part  of  the 
limestone.  On  placing  them  in  dilute  hydrochloric  acid,  the  outside 
shell  was  in  most  instances  easily  removed,  the  remaining  quartz 
ha^T.ng  the  form  of  the  interior.  Sometimes,  however,  parts  of 
the  shell  were  silicified,  the  organic  structure  being  preserved 
after  the  action  of  the  acid.  The  limestone  from  which  the  shells 
were  extracted,  when  treated  with  hydrochloric  acid,  left  a  con- 
siderable residue,  consisting  principally  of  silica,  with  a  little 
aluminia.  Some  of  the  other  organisms  of  the  limestone  appeared 
to  be  partially  silicified,  but  contained  no  quartz  crystals. 

1  T:  .\ns.  Geol.  Soc.  of  Glasgow,  vol.  ii.  pp.  291. 
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III.  On  the  Causes  lohich  aeem  to  have  regulated  the  relative  distri- 
bution of  the  Calcareous  a7id  Sedimentary  Strata  of 
Great  Britain,  withsjyecial  reference  to  ?//6  Carboniferous 
FoRiLiTioN."— By  Edward  Hull,  M.A.,  F.R.S.,  F.G.S. 
of  the  Geological  Survey  of  Scotland. 

(Read  January  IC,  18GS.) 

It  seems  to  me  that  the  essential  distinctions  between  limestones 
and  all  other  kinds  of  stratified  rocks  (non-volcanic)  are  not  suffi- 
ciently recognised  by  geologists,  for  while  their  diflferences  in 
chemical  composition  from  other  strata  and  their  fossiliferous 
characteristics  are  admitted,  they  are  usually  classed  as  simple 
varieties  of  sedimentary  strata,  agreeing  in  all  respects  as  regards 
their  distribution  with  the  shales,  sandstone,  and  conglomerates, 
etc.,  with  which  they  are  associated,  iar  different  is  the  view 
which  I  take  of  them,  and  in  this  paper  I  hope  to  be  able  to  show 
that,  so  far  from  being  naturally  associated  with  the  other  stratified 
rocks  above  referred  to,  they  occupy  a  sphere  of  their  own,  with  re- 
lations naturally  antagonistic  to  all  other  kinds  of  sedimentary 
materials. 

In  the  following  remarks  I  shall  make  use  of  the  teim  **  sedi- 
mentary,"  as  including  strata  strictly  of  mechanical  origin,  such 
as  ''conglomerates,  breccias,  sandstones,  shales,  and  clays,  with 
their  varieties,"  and  of  "  calcareous"  as  including  varieties  of  lime- 
stone, whether  coralline,  crinoidal,  shelly,  or,  like  the  chalk,  formed 
of  impalpable  molecules;  and  in  order  to  arrive  at  a  clear  under- 
standing of  the  relationship  of  these  two  groups,  let  us  consider 
the  mode  of  the  formation  of  each. 

Calcareous  Strata. — Without  denying  that,  in  exceptional  cases, 
concretionary  limestones  have  been  occasionally  formed  by  some 
process  of  chemical  aggregation  or  mechanical  precipitation,  I  hold, 
with  several  eminent  naturalists,  that  all  the  great  calcareous  for- 
mations from  Palseozoic  down  to  recent  times  are  due  directly  or 
indirectly  to  vital  agencies.  If  we  examine  the  structure  of  these 
limestones  we  shall  find  that  in  the  main  they  are  composed  of  the 
shells  or  skeletons  of  animals,  generally  of  small  size,  simple  struc- 
ture, and  taking  rank,  for  the  most  part,  in  the  zoological  scale 
below  the  mollusca.  They  consist  of  the  shells  of  Foraminifera, 
associated  with  the  siliceous  shields  of  Polycystinea ;  of  polyps  or 
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corals  (Acti/w.wa,  or  Antliozoa)  ;  Ecliinodermata  (crmoids,  starlisli, 
or  sea-urcliiiis.)  Amorphozoa  (sponges) ;  Bryozoa,  a  class  occupying 
a  position  citlier  at  the  top  of  the  radiata  or  at  the  bottom  of 
the  mollusca.  Amongst  these  the  molluscs  lived  and  flourished^ 
and  often,  especially  in  the  case  of  the  brachiopods,  contributed 
to  the  work  of  limestone  building,  but  only  to  a  subordinate 
extent,  as  compared  with  the  other  classes.  If  I  might  be 
allowed  to  use  a  homely  illustration,  I  would  compare  the  fora- 
minifers,  the  polyps,  and  the  crinoids  to  the  quan-ymen,  masons, 
hod-carriers,  smiths,  and  carpenters  engaged  on  some  great  build- 
ing, and  the  molluscs  to  the  foremen  and  overseers. 

Let  us  now  take  a  cursory  glance  at  the  organic  composition  of 
the  limestones  of  successive  geologic  groups  : — 

Silurian  and  Devonian.  Corals  (chiefly  of  the  orders  Zoantharia 
TABULATA  and  ZoANTHAEiA  RUGOSA  of  M.  M.  Eclwards  and  Haime), 
Crinoids  and  Brachiopods. 

Carboniferous.  Corals  (Zoantharia  tabulata,  Zoantharia 
RUGOSA,  Zoantharia  tubulosa),  Crinoids  and  Brachiopods,  as  also 
Entomostraca.^ 

Permian.  Corals^  not  abundant  (Zoantharia  tabulata  and 
Zoantharia  rugosa),  Bryozoa,  Conchifera,  and  Entomostraca. 

Jurassic  or  Oolitic.  Corals^  (Zoantharia  aporosa),  Bryozoa, 
Echinoderms,  Eoraminifera ;  Mollusca  also  largely. 

Cretaceous.  Foraminifera,  Amorphozoa,  Corals  (Zoantharia 
aporosa,  Zoantharia  tabulata,  and  Zoantharia  rugosa), 
Bryozoa,  Ecliinodermata. 

Tertiary.  Eoraminifera  (Nummulite  limestone)  Corals  (Zoantha- 
ria aporosa,  perforata  and  tabulata.)  With  reference  to  the 
"  Coraline  Crag,"  it  may  be  stated  that  a  careful  study  of  the 
fossils  has  sho^ni  that  it  is  tlie  Polyzoa  (or  Bryozoa),  and  not  the 
Zoantharia  or  true  corals  which  abound  in  that  formation.  ^ 


1  As  IMr.  .John  Young  has  shoAvn  to  be  the  case  in  the  carboniferous  limestones 
of  Scotland. 

2  Though  coral  reefs  are  rather  scarce  in  the  Permian  limestones  of  England, 
they  do  occur  sometimes.  See  Mr.  Kirkby  "On  the  Yorkshire  Pei-mian  Beds," 
Journ.  G<o.  Soc,  Vol.  xvii.  No.  67. 

3  Some  beds  of  tlie  inferior  and  great  oolite,  as  well  as  of  the  coral  rag,  arc 
composed  almost  entirely  of  corals,  of  which  an  interesting  account  will  be  found 
in  a  memoir  by  Dr.  T.  Wright,  F.K.S.E.,  "On  Coral  Reefs,  Past  and  Present," 
Transactions  of  the  Cotteswohl  Naturalists' Club.     1866.     (Gloucester.) 

i  Ed.::nTd.<  and  Ilahne. — Palaiontogi-aphical  Society,  "Vol.  1.  This  is  an  imi)or- 
tant  distinction,  as  the  true  corals  are  not  generally  to  be  found  in  such  numbers 
in  a  deposit  of  sandy  materials. 
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In  order  that  we  may  understand  the  physical  conditions  which 
were  necessaiy  to  the  vigorous  existence  of  the  limestone  buixviuis 
of  gpoloicic  times,  let  us  turn  our  attention  for  a  few  minutes  to 
those  of  our  day;  but  in  making  this  comparison  it  is  necessary  to 
recollect  that  one  at  least  of  the  orders  of  radiate  animals  which 
took  a  most  important  position  as  a  limestone  builder  of  the  past  is 
but  sparingly  represented  in  the  modern  seas  of  our  globe.  Now, 
one  of  the  most  important  conditions  necessary  to  the  vital  func- 
tions of  coral  reef  builders  at  the  present  day  is,  that  the  water  of 
the  seas  they  inhabit  should  be  perfectly  clear,  or,  in  other  words, 
free  from  muddy  or  sandy  sediment.  This  we  find  expressed  by 
nearly  all  writers  on  coral  reefs.  Thus,  Mr.  Darwin  in  describing 
the  coral  reefs  and  atolls  of  the  Indian  and  Pacific  oceans  refers  to 
them  as  being  "  at  an  immense  distance  from  any  continent,  and 
where  the  water  is  perfectly  limpid."  ^  I.Ir.  Jukes,  in  refemng  to 
the  barrier  reef  off  the  coast  of  Australia,  speaks  of  the  water  being 
quite  clear  ;^  and  Dr.  Wright,  in  his  summary  of  the  character 
and  conditions  of  modern  coral  reefs  says,  "  where  the  V)ottom  is 
muddy,  and  rivers  pour  fresh  water  in  any  great  abundance  into 
the  sea  there  the  reef  building  Polj-ps  are  absent,"^ 

Now,  although  it  is  necessary  to  Polyp  life  that  the  waters  they 
inhabit  should  be  uncontaminated  by  sand  or  mud  held  in  suspen- 
sion, yet  it  does  not  follow  that  coral  reefs  should  always  be  mid- 
oceanic  or  at  great  distances  from  land,  for  the  barrier  reef  along 
the  nortli-east  coast  of  Australia  is  more  than  1000  miles  iii  length, 
from  10  to  00  miles  in  width.  This  is  an  interesting  fact;  for  the 
mountain  limestone  of  Derbyshire,  which  reaches  a  thickness 
surpassing  that  of  any  district  in  Britain  was  formed  at  a  short 
distance  from  land,  and  may  be  considered  as  a  Palaeozoic  barrier  reef. 

Warm,  or  temperate,  waters  were  also  probably  necessary  in 
ancient  as  in  modern  times  to  the  full  development  of  Poly  p  life 
but  as  the  currents  of  the  ocean  fulfil  the  function  of  equalisuig  to 
a  great  degree  the  temperature  over  the  greater  portion  of  the 
globe,  it  is  probable  that  few  places  are  rendered  uninhabitable  by 
Polyps  simply  from  the  lowness  of  the  temperature ;  a  remark 
which  applies  also  to  geologic  periods. 

The  Foraminifera,  a  gi-oup  of  limestone-builders  distinct  from  the 
Polyps  and  Echinoderms,  also,  as  it  seems,  required  linq^id  water. 
In  our  present  seas  we  find  them   largely   associated    with    the 

1  Naturalists'  Voyage,  p.  408.      "  Voyage  of  H.  M.  Ship  Fly.      ^  Jbid,  supra  p.  5. 
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Poly|DS,  as  ^vell  as  engaged  iii  forming  a  deposit  over  the  bed  of 
the  mid- Atlantic,  Avhich,  if  converted  into  land,  would  yield  a 
limestone  not  dissimilar  to  chalk.  The  similarity  of  the  calcareous 
beds  now  in  course  of  formation  in  the  interior  of  the  present  coral 
reefs  and  atolls  to  limestone  of  the  former  or  older  periods  is  well 
expressed  by  Mr.  Jukes  in  his  voyage  of  H.M.S.  Fly.  "The  sur- 
face of  a  reef,"  he  says,  "  when  exposed  at  low  water,  is  composed 
of  solid-looking  stone,  which  is  often  capable  of  being  split  up  and 
lifted  in  slabs,  bearing  no  small  resemblance  to  some  of  our  oldest 
limestones.  These  slabs,  when  split  up,  are  frequently  found  to 
have  a  semi-crystalline  structure,  by  which  the  forms  and  the 
organic  structure  of  the  corals  and  shells  are  more  or  less  disguised 
and  obliterated.  The  '  bottom'  in  and  among  the  reefs  composing 
the  great  Australian  barrier  often  looked  when  brought  up  in  the 
dredge  very  like  the  unconsolidated  mass  of  some  of  the  coarse 
shelly  limestones  found  amongst  the  oolites  of  Gloucester.  At 
other  times  the  dredge  came  up  comiDletely  filled  with  small  round 
foraminiferous  shells  called  orbitolites,  and  these  organisms  seemed 
in  some  places  to  make  up  the  whole  of  the  sand  of  the  beach, 
either  of  the  coral  islets  or  of  the  neighbouring  shores."  I  have 
thought  it  well  to  make  this  long  quotation,  because  it  shows  us 
that  we  must  be  careful  in  referring  limestones  which  have  lost 
traces  of  organic  structure  to  other  than  ^ital  agencies,  for  if  the 
amount  of  metamorphism  above  described  can  have  taken  place 
diu'ing  the  formation  of  the  coral  reefs  themselves,  we  must  not  be 
surprised  if,  in  many  cases,  a  further  stage  of  metamorphism  in 
geological  ages  has  obliterated  all  ti-aces  of  organic  structure. 

The  carbonate  of  lime  consolidated  by  the  agency  of  polyj^s  and 
other  animals  is  held  in  chemical  solution,  and  thus  carried  to  all 
parts  of  the  ocean.  Bischof  states  that  the  cpiantity  of  free  carbonic 
acid  gas  contained  in  t\ie  sea  is  five  times  as  much  as  is  necessary 
to  keep  in  a  fluid  state  the  quantity  of  carbonate  of  lime  to  be  found 
in  it.  He  argues,  therefore,  that  it  is  impossible  for  any  carbonate 
of  lime  to  be  precipitated  in  a  solid  form  at  the  bottom  of  the  sea 
by  chemical  action  alone ;  and  as  the  quantity  is  extremely  smal] 
in  the  open  sea,  it  is  dijfficult  to  conceive  that  this  can  be  effected 
otherwise  than  by  vital  agencies.  Bearing  this  in  mind,  and  the 
fact  that  muddy  waters  are  destiiictive  of  these  agencies,  we  may 
assume  as  a  corollary — 1,  ^^  That  in  any  formation  composed  of 
contemporaneous  calcareous  and  sedimentary  strata  tJie  distribution 
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of  the  two  classes  must  liace  Juul  tlieir  sources  from  opposite  centres 
or  lines  of  dispersiov  ^ 

Sedimentary  Strata. — It  is  scarcely  iiecessaiy  tliat  I  sliould 
describe  the  jn-ocess  of  foruiation  of  this  class  of  strata.  Ivivera 
carry  down  sand  and  mud  into  the  sea,  or  wave  action  aloni^  lines 
of  coast  dislodges  the  rocks,  and  currents  spread  tlie  materiids  over 
the  sea-bottom ;  and  as  the  sediment  subsides  as  it  is  transpoi'ted 
along  from  the  land,  it  follows  that  the  quantity  will  decrease  in 
some  proportion  to  the  distance  from  its  sources,  depending  on 
the  velocity  of  the  current,  the  coarseness  of  the  materials,  and 
other  circumstances.  From  this  cause,  amongst  others,  it  happens 
that  formations  which  attain  a  great  amount  of  thickness  in  some 
directions  thin  away  in  others. 

On  the  foregr)ing  ]>rincii»les  it  is  easy  to  understand  the  mode  of 
formation  of  interstratified  beds  of  limestone  and  sedimentary 
materials  of  wliich  we  have  re^Dresentatives  in  the  British  Islands. 
They  are  formed  on  the  "  debateable  gi'ound"  lying  between  the 
regions  of  dispersion  of  the  products  of  vital  agency  and  of 
mechanical  distribution ;  and  each  kind  of  rock  in  a  certain  area 
represents  the  predominance  of  each  class  of  agencies  alternately  for 
a  certam  time  over  that  area.  Such  alternating  beds  of  limestone 
and  sediment  must  be  in  course  of  formation  over  parts  of  the  Ba}^ 
of  Bengal,  the  Arabian  Sea,  and  the  Chinese  Sea.  If  I  might  bo 
allowed  to  descril)e  the  process  in  homely  language,  I  should  do  so 
thus : — We  can  understand  that,  for  certain  physical  reasons  relat- 
ing to  an  area  of  the  ocean  lying  between  a  coralline  region  and  the 
estuary  of  a  great  river,  the  sea  water  is  limpid  and  free  from  sedi- 
mentary impurities,  then  the  limestone  builders  will  set  to  work, 
enlarging  their  borders  and  sjireading  their  reefs  wherever  circum- 
stances are  favourable.  After  a  time,  owing  to  some  physical 
cause,  that  portion  of  the  sea  becomes  muddy ;  then  the  little 
builders  are  smitten.  They  have  to  abandon  extensive  fields 
where  they  had  previously  held  theii*  own,  and  have  to  retire 
towards  the  interior  of  their  own  countiy  where  the  water  is  still 
pellucid.  After  a  while  another  change  takes  place — the  area  of 
the  muddy  waters  becomes  contracted,  and  the  works  of  the  lime- 
stone builders  again  advance  and  they  recover  part  of  their  lost 
gi'ound.  Thus  it  is  easy  to  understand  how  these  alternations  may 
be  repeated  indefinitely  until  some  great  change  in  the  physical 
conditions  of  that  part  of  the  world  takes  place,  and  the  age  of  tho 
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limestones  is  terminated  by  the  invasion  of  sediment  over  the 
whole  limestone  area. 

Such  operations  have  been  carried  out  in  nature  with  various 
modifications  during  many  geological  periods,  and  during  all  of 
those  threefold  periods  into  which,  as  I  shall  presently  attempt  to 
show,  the  geological  calendar  may  be  divided.  From  the  above 
considerations  we  may  deduce  the  following  corollary: — 2,  "  TJcat 
in  the  same  formation,  cmisisting  in  i^art  of  calcareous  and  sedi- 
mentary materials,  the  maximum  development  of  each  class  of 
materials  has  taken  jAace  from  directions  relatively  ojyposite  to 
each  other y 

In  other  w^ords,  if  we  want  to  find  in  the  same  natural  group 
the  locality  where  its  limestones  are  most  fully  developed,  we  are 
not  to  expect  to  find  them  iu  the  same  district  where  its  shales, 
sandstones,  and  conglomerates  occur  in  greatest  force,  but  in  the 
dii-ection  where  these  show  a  tendency  to  thin  out. 

Nor  does  this  proposition  apply  only  to  strictly  contemporaneous 
strata,  but  also  to  the  lohole  of  a  natural  group  or  assemhlage, 
because  during  the  formation  of  such  a  group  the  same  influences 
prevailed  to  a  greater  or  less  extent  over  definite  areas,  and  were 
completely  changed  or  reversed  only  at  the  close  of  the  epoch 
belonging  to  the  group.  I  now  proceed  to  explain  what  I  under- 
stand by  a  "  natural  group." 

If  we  examine  the  succession  of  our  geological  formations  we 
cannot  fail  to  observe  in  them  a  tendency  to  assume  a  thi^eefold 
arrangement  in  which  the  central  member  is  calcareous,  and  the 
upper  and  lower  is  sedimentary.  This  arrangement,  according  to 
mineral  character,  I  cannot  but  regard  as  strictly  natural,  bearing 
upon  the  physical  conditions  of,  and  on  the  vital  and  mechanical 
agencies  in  operation  during  each  successive  epoch.  It  will  be 
observed  that  tMs  threefold  arrangement  frequently  corresponds 
with  that  at  present  received  and  established  by  the  founders  of 
our  science,  and,  so  far,  the  parallelism  is  a  confirmation  of  the 
truth  of  both  systems  of  classification.  As  I  purpose  treating 
this  part  of  my  subject  in  greater  detail  on  some  futui^e  occasion, 
I  shall  c. intent  mysjlf  with  briefly  stating  the  outlines  of  the 
proposed  groups : — 
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THREEFOLD    CLASSIFICATION   OF   GEOLOGICAL   GRolPS. 

(  3.   Sedimentary — Miocene  beds. 

Tertiauy  Period, -^  2.  Calcareous — Nuniniulite  I^imestone. 

(  1.  (Sedimentary — Eocene  beds. 

!3.  Sed.  — Uucei-tain, 
2.  Cr.l.— Cbalk. 
1.  Sed. — Greensand  and  ( lault. 


*'  )  2.  Cal. — Limestone. 


3.  Sod. — Marine  equivalents  of  the  Purbeck 

and  V 
2.  Cal. — Limest( 
1.  Sed,— Sands. 


^3.  Sed. — Calc.  Grit  and  Kimmcridge  Clay. 


CoRALLiNi:  Oolite,  -{2.  Cal.— Coralline  Oolite. 

(l.  Sed, — Calc.  Grit, 

j  3,  Sed.— Oxford  Clay. 

Lower  Jurassic, ^  2.  Cal,  — Lower  Oolite  Limestones. 

(  1.  Sed. — Lower,  Middle,  Upper  Lias. 

(  .3.  Sed.— Red  :\rarl. 

Trias, <  2.  Cal. — Muschelkalk  (Germany). 

(  1.  Sed, — New  lied  Sandstone. 

fS.  Sed. — Marl  and  Lower  Bunter  Sandstein 
I  (Saxony). 

Permeax, \  2.  Cal. — Magnosian  Limestone, 

I  1.  Sed. — Conglomerates,   Marls,   and   Sand- 
L  stones  (Rotlie-todte-liegeude). 

(3.  Sed.— Coal    Measures,     Millstone    Grit, 
I  Yoredale  beds. 

Carboniferous.     Enul.vnd,  -J  2.  Cal.— Mountain  Limestone, 

I  1,  Sed. — Lower    Shales,  Yellow  Sandstone 
L  (Ireland). 

I  3.  Sed.     f  Schists,  Sand-         f  Schists,  Sand - 
j  t  j      stones,  &c.  j      stones,  &c, 

■7  •  Ilfracombe  i  ;  Eifel       Lime- 


Devoniax,  ^  2.  Cal.  ^  ^' 


-  J 


Limestone,  c^e.  5  ^.      stone,  &c, 


I  ^  !  Schists,  Sand-         |  Spiritier  Sand- 

1 1.  Sod.     [_     stones,  &c.  [_     steiiiGroui*. 

(  3.   Sed. — Tilestoues  and  Upper  Ludlow  beds 

UrPEH  Silurian, \  2.  Cal. — Aymestryand  Wenlock  series. 

(  1,  Sed.— May  Hill  group. 

Assuming  tlie  above  to  be  a  mitural,  and  not  merely  an  acci- 
dental grouping,  I  may  be  asked  bow  I  account  for  it  on  i)liysical 
gi'ounds.  My  explanation  is  briefly  as  follows: — T  consider  the 
three  members  to  rej^resent  three  periods  of  predominant  physical 
conditions,  each  differing  from  that  which  preceded  or  followed  it, 

(1)  The  earliest  represents  a  period  of  upheaval  and  extensive 
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denudation — of  changes  of  land  and  sea — resulting  in  the  physical 
breaks  which  introduced  each  group;  and  of  excessive  distribution 
of  sedimentary  matter  over  the  sea-bottom. 

(2)  The  middle  stage  represents  a  period  of  comparative  repose — 
when  the  sedimentary  matter  was  reduced  to  a  minimum — and  in 
consequence  the  limestone-builders  were  able  to  carry  on  their 
operations  with  greatest  activity. 

(3)  The  concluding  stage  represents  the  commencement  of 
geographical  changes,  causing  the  discharge  over  the  sea-bed  of 
larger  supplies  of  sediment,  and  terminating  in  those  phenomena 
of  elevation,  subsidence,  and  denudation,  which  often  marked  the 
close  of  the  geological  epoch. 

It  ought  to  be  observed  that  the  above  classification  of  groups, 
and  the  explanation  of  the  changes  on  which  it  is  founded,  is  only 
applicable  to  limited  areas — as  it  is  possible  to  conceive  exactly 
opposite  conditions  in  progress  at  distant  points — but  as  a  matter 
of  fact  these  changes  have  taken  place  simultaneously  over  very 
large  areas  in  many  cases.  It  is  easy,  on  the  above  principles,  to 
account  for  those  intermediate  strata  between  a  calcareous  and 
sedimentary  member  kno^vn  as  "passage  beds,"  of  which  the  lower 
part  of  the  Yoredale  series  of  England  is  a  good  example. 

Iso-metric  Lines. — For  the  purpose  of  determining  the  directions 
in  which  the  two  classes  of  sedimentary  and  calcareous  strata 
augment  and  decrease  in  thickness,  leading  to  a  knowledge  of  the 
position  on  the  globe  of  the  continents  and  open  seas  of  former 
geologic  times,  Iso-metric  lines  were  proposed.^  These  lines,  drawn 
over  the  areas  occupied  by  the  formations,  and  each  line  represent- 
ing a  certain  thickness  of  its  special  class  (calcareous  or  sedimentary) 
of  strata,  would  be  found  to  lead  to  very  interesting  results.  I 
have  already  drawn  these  lines  for  the  Carboniferous  group  of 
Great  Britain,  and  they  are  shown  in  the  map  published  by  the 
Geological  Society  of  London  (Jour.  Geol.  Soc,  vol.  xviii.,  p.  127). 
I  have  no  doubt  that  if  similar  lines  were  drawn  for  all  formations 
in  different  countries,  an  amount  of  light  would  be  thrown  on  the 
physical  condition  of  the  respective  groups  that  would  considerably 
advance  this  branch  of  science.  The  tracing  of  these  lines  has 
thrown  much  light  on  the  physical  geology  of  the  Carboniferous 
group,  showing  that  the  calcareous  member  (mountain  limestone) 

1  In  l.%0,  at  the  meeting  of  the  Br!;l3h  Association  in  Manchester,  by  the 
Aiithor. 
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attained  its  maxiiniim  devulopment  in  central  England,  and  the 
sedimentary  members,  in  Nortli  Lancashire,  leading  to  the  inference 
that  an  old  North  Atlantic  contiQent  was  the  original  source  of 
the  sedimentary  materials. 

It  may  interest  the  members  of  this  Society  to  mention  that  the 
late  Professor  Rogers,  the  predecessor  of  our  President  in  the 
Chair  of  Natural  History,  in  Glasgow  University,  was  kind  enough 
to  assist  me  in  selecting  a  name  for  these  ideal  lines;  and  from  the 
interest  he  seemed  to  take  in  the  subject,  when  I  lirst  introduced 
it  to  public  notice  at  the  meeting  of  the  British  Association  in 
Manchester,  I  shall  ahvays  feel  a  pleasure  and  pride  in  associating 
his  name  with  them. 

The  term,  "iso-metric  line"  (for  iso-diametric)  simply  means 
a  line  of  equal  thickness  of  strata.  Now,  assuming  tliat  in  a 
certain  formation  the  thickness  of  the  sedimentary  materials  on 
the  one  hand,  and  of  calcareous  beds  on  the  other,  bears  some 
proportion  to  the  proximity  of  its  source  or  sources,  it  is  clear 
that  by  drawing  a  series  of  lines  foiuided  on  exact  moas\irements  of 
the  vertical  thickness  of  the  beds  (each  line  rejiresenting  a  definite 
number  of  feet,  yards,  (tc),  we  shall,  by  this  means,  be  guided  in 
our  search  for  the  position  on  our  globe  where  each  class  of  strata 
(sedimentary  or  calcareous)  had  its  source.  Now,  as  I  have  already 
shown  that  the  centres,  or  lines  of  dispersion  of  each  class  must,  in 
the  same  natural  group,  have  been  situated  at  nearly  opposite 
quarters  of  a  special  region,  we  shall  have  a  series  of  intersecting 
lines  crossing  each  other  like  the  ripples  from  two  stones  dropped 
into  a  lake  at  separate  spots. 

Carboniferous  Series  of  Great  Britain. — I  shall  now  endeavour 
to  show  the  ai)plication  of  the  above  principles  to  the  Carboniferous 
system  of  the  north  of  England  and  Scotland. 

It  is  now  well  proved  that  during  the  Carboniferous  period  a 
barrier,  or  neck  of  land,  stretched  across  the  centre  of  England 
from  Wales  and  Salop,  through  Leicestershire  and  Worcestershire, 
to  the  eastern  counties.  This  barrier  was  formed  of  Silurian  rocks, 
and  is  now  generally  concealed  under  Triassic  strata.  It  never 
was  covered  by  coal-measures  except  at  the  very  close  of  the 
period,  and  it  separated  the  coai-lields  of  South  Wales,  Somei-set- 
shire,  and  Gloucestershire,  from  those  of  the  North  of  England  and 
Scotland.  These  latter  Carboniferous  tracts  I  now  believe  to  have 
been  continuous,    and  not  separated  by  the  Silurian  uplands  of 
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tlie  south  of  Scotland,  on  two  grounds, — first,  that  the  southern 
boundary  of  the  Carboniferous  rocks  is  a  fault  of  unknown  magni- 
tude; and,  secondly,  because  the  character  and  composition  of  the 
lower  Carboniferous  series  of  Scotland  are  only  the  result  of  the 
extreme  development  of  those  changes  which  this  series  undergoes 
in  its  extension  northwards  from  the  central  parts  of  England. 

Carboniferous  Limestone  Series. — Now  let  us  take  the  central 
calcareous  member,  and  trace  it  southwards,  marking  the  changes 
which  it  undergoes. 

(a)  In  the  central  valley  of  Scotland  we  find  a  series  of  shales, 
grits,  ironstones,  coal-seams,  and  thin  beds  of  limestone,  these  latter 
attaining  a  combined  thickness  of  from  50  to  250  feet  only, 
or  an  average  150  feet. 

(b)  In  the  north  of  England  the  materials  are  similar,  but  the 
calcareous  element  is  more  developed.  According  to  Messrs. 
Philips  and  Foster,  there  are  ten  sets  of  limestone  beds,  from  7  to 
130  feet,  with  intervening  shales  and  sandstones.  The  average 
thickness  of  limestone  may  be  placed  at  600  feet. 

(c)  In  the  Cumberland  and  north  Lancashire  district,  a  little 
further  south,  the  calcareous  member  assumes  a  still  larger  propor- 
tions, with  a  corresponding  diminution  in  those  of  the  sedimentary 
beds.  Mr.  Aveline  places  the  thickness  of  the  limestone  at 
Kendal  at  2,000  feet. 

(d)  Passing  next  into  Derbyshire  we  find  the  sedimentary 
materials  to  have  nearly  disappeared,  the  limestone  reaching  an 
unknown  thickness,  but  not  less  than  4,000  feet. 

Here  we  have  an  excellent  illustration  of  the  interchanges  of 
thickness  of  the  two  sets  of  strata,  and  of  the  increased  purity  of 
the  calcareous  member  as  its  thickness  increases.  The  Derbyshire 
sea,  dui'ing  the  formation  of  the  mountain  limestone,  appears  to 
have  been  perfectly  limpid,  although  not  far  distant  from  the 
barrier  of  Silurian  land  above  described,  and  hence  the  Poly]^)s, 
Crinoids,  and  other  limestone  builders,  had  scope  for  the  full 
development  of  their  vital  powers,  while  their  contemporaries 
further  north  were  frequently  exterminated  by  the  inroads  of 
muddy  and  sandy  sediment. 

Carboniferous  Sedimentarij  Series. — Now  let  us  trace  the  develojv 
ment  of  the  sediment .iry  strata  of  the  same  group,  and  we  shall 
see  that  up  to  a  certain  point  there  is  a  gradual  augmentation  of 
these  deposits  northwards — that  is  in  the  direction  in  which  the 
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Feet. 
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calcareous  member  diminislies.  As  the  details  of  these  measure- 
ments have  been  published  elsewhere,  I  shall  content  myself  Avith 
giving  the  total  thicknesses.^  Traced  from  Leicestei*shire  and 
Warwickshire  on  the  south,  into  Lancashire,  we  find  the  following 
to  be  the  thicknesses  of  these  beds  along  along  tliis  line  of  country  : 

North  Lancashire. 
Feet. 
18,780. 

Here  we  see  a  steady  and  rapid  augmentation  to  the  extent  of 
16,000  feet  in  a  horizontal  distance  of  about  100  miles.  If  we 
carry  our  survey  still  further  north  into  Scotland,  it  miglit  be 
expected  that  we  should  find  a  still  gi-eater  thickness;  but  this  is 
not  the  case,  as  is  very  well  known,  even  with  an  augmentation 
of  sandstones  and  shales,  in  the  case  of  the  central  calcareous 
members.  And  it  may  be  asked,  "  How  do  I  account  for  this  I"  In 
this  way. 

(a)  In  order  that  a  full  })roportion  of  the  sediment  due  to  any 
locality  may  be  actually  deposited,  the  conditions  must  be  favour- 
able; and  first,  the  bed  of  the  sea  must  be  sufiiciently  deep,  or  the 
subsidence  must  proceed  ^;ari  passu  with  the  dei)osition.  But  in 
tlie  case  of  Scotland,  the  Burdiliouse  limestone  and  estuaiine  strata, 
together  with  coal-seams  in  strata  wliicli  were  probably  contem- 
poraneous with  the  Millstone  grit,  Yordale  beds,  and  Carboniferous 
limestone  of  England,  all  these  sliow  that  the  sea  was  never  very 
deep,  and  was  frequently  converted  into  land  during  the  Lower 
Carboniferous  period. 

(b)  Another  cause  was  proliably  the  position  of  the  highlands, 
which  were  only  partially  submerged,  and  diverted  the  currents 
which  brought  the  sediment  from  the  north  from  off  the  Scottish 
area. 

(f)  It  must  also  be  admitted  that  the  upper  coal-measures  of 
Scotland  are  incomplete,  and  have  suffered  much  by  denudation. 

Taking  these  reasons  into  consideration  it  is  easy  to  understand 
why  the  Scottish  Carboniferous  beds  should  only  present  us  with 
a  thickness  of  7,000  or  8,000  feet  of  strata,  instead  of  twice  that 
amount,  which,  from  its  position  as  regards  North  Lancashire  we 
might  expect.  And  notwithstanding  the  dilHculty  which  they 
present,  and  the  erroneous  conclusions  which,  taken  by  themselves, 

1  S.e  Journ.  Geol.  Soc.,  London.  Vol.  xviiii.  And  my  paper  on  "The  Struc- 
ture of  the  Pendle  Range,  Lancashire,  &c."    British  Association  Keportfor  1867. 
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they  would  lead  to  with  regard  to  the  sources  of  the  sediment  of 
which  they  are  formed,  I  am  not  shaken  in  my  belief  that  land 
once  in  the  North  Atlantic  has  been  that  source;  a  large  continent, 
in  fact,  of  which  Greenland  must  have  formed  a  part. 

My  investigations  regarding  the  directions  along  which  the 
Mesozoic  formations  of  England  augment  in  thickness,  or  thin  out,^ 
lead  me  to  the  conclusion  that  the  shales  and  sandstones  of  the 
Lias,  Trias,  and  at  least  a  great  part  of  the  Jurassic  series  have  also 
had  a  northern  source,  while  the  calcareous  members  thinned  out, 
or  passed  into  sedimentary  matter  in  that  direction.  For  instance, 
the  Great  Oolite,  which  in  Oxfordshire  and  Gloucestershire,  attains 
a  thickness  of  200  feet,  is  only  represented  at  Scarborough,  in 
Yorkshii^e,  by  a  few  inches  of  impure  limestone:  these  beds  thin 
out  northwards,  while  the  Forest  marble,  and  Stonesfield  slate,  or 
Northampton  sands  assume  much  larger  proportions  than  they 
do  in  Oxfordshii'e.  If  geologists  would  undertake  to  trace  iso- 
metric lines  for  the  calcareous  and  sedimentary  beds  of  formations 
in  different  counties,  founded  on  accurate  observation,  I  cannot 
but  conclude  that  much  light  would  be  thrown  on  the  physical 
geology,  and  the  distribution  of  land  and  sea  at  various  periods  of 
the  earth's  history. 


lY.  Sketch  of  the  Geology  of  the  Falls  of  Clyde,  the  Mouse 
Valley,  and  Cartlaxd  Crags.  By  John  Dougall,  Esq., 
Member  of  the  Geological  Society  of  Glasgow. 

(Read  December  5,  1S67.; 

I. — Falls  of  Clyde. 

The  Falls  of  Clyde  and  Cartland  crags  situated  near  the  town  of 
Lanark  being  well  known  to  all  lovers  of  natural  scenery  and 
readers  of  Scottish  history,  the  following  observations  on  their 
geological  features  may  be  of  some  interest. 

In  order  that  these  may   be  communicated  systematically,   I 
shall  begin  with  a  description  of  the  highest  fall,  viz. — 

Bonnington  Linn. — The  Clyde  here  is  probably  about  150  feet 
broad  :  30  feet  from  the  bank  is  a  small  island  on  a  level  with  the 

"^  See  paper   "On  the  South  Easterly  Attenuation  of  the  Lower  Secondary 
Hocks  of  England."    Journ.  Geol.  Soc,  London.     VoL  xvi. 
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adjoining  ground,  the  one-half  of  which  seems  to  stand  on  the  upper, 
and  the  other  on  tlie  lower  platform  of  the  fall.  It  divides  the  stream 
into  two  unequal  part.s,  and  when  the  latter  is  about  to  descend  over 
the  face  of  the  rock,  the  narrowest  part  encircles  about  three-fourths 
of  the  island,  and  is  precipitated  at  right  angles  to  the  main  body 
of  water,  which  rolls  over  the  escarpment  in  a  heavy  and  nearly 
unbroken  volume,  and  falling  due  west  into  an  immense  pool, 
surrounded,  except  at  its  outlet,  by  high  vertical  walls,  turns 
immediately  to  the  north-west.  The  river  is  here  said  to  descend 
3G  feet. 

The  rock  formation  is  entirely  Old  Red  Sandstone,  and  appa- 
rently belongs  to  the  lower  sub-division ;  it  occurs  in  layers  from 
one-eighth  of  an  inch  to  several  feet  in  thickness,  the  former 
slightly  interspersed  Avith  clay  nodules,  and  the  whole  rising 
towards  the  south  at  an  angle  of  10  deg.  tinning  out  over  Silurian 
strata  to  the  north  of  Tinto. 

From  Bennington  to  CoiTa  Linn  the  Clyde  flows  through  a  wild 
ravine  about  half-a-mile  in  length,  and  is  closely  hemmed  in  by 
sheer  vertical  walls,  in  certain  parts  probably  not  less  than  200 
feet  high,  so  that  during  a  flood  this  part  of  the  stream  cannot  be 
much  augmented  in  breadth,  the  additional  water  only  finding 
vent  upwards. 

A  short  distance  above  Corra  is  the  celebrated  cave  of  Wallace, 
a  circular  hollow  in  the  rock  about  eight  feet  in  diameter,  which 
has  manifestly  been  modernized  by  the  jumper  of  the  quarryman, 
as  the  marks  of  that  instmment  may  be  seen  on  its  walls.  A  few 
yards  below  this  is  a  gully  about  ten  feet  wide,  through  which, 
provided  there  be  no  flood,  the  entire  volume  of  water  is  stmggling, 
and  a  short  distance  farther  down  it  encounters  the  celebrated 
*' Corra  Linn,"  where  it  takes  two  leaps,  forming  a  descent  of  84 
feet,  the  first  being  on  to  an  ii-regularly-shaped  plateau,  full  of 
heavy  regurgitating  whirlpools,  and  overhung  wdth  fractured  ledges 
of  Old  Eed  Sandstone,  covered  with  an  exuberant  vegetation ;  tlif* 
second,  due  east,  down  a  shelving  and  irregular  face,  split  into  two 
unequal  halves  by  a  projecting  cliff,  amid  a  cloud  of  spray,  and 
often  beneath  a  prismatic  arch,  into  a  deep  lilack  rocky  basin  at 
the  bottom  of  an  immense  and  i)artly  circular  gorge.  A  little 
beneath  the  fall  the  northern  bank  sloi)es  to  the  margin  of  the 
river,  and  is  thickly  wooded,  but  the  eastern  boundary  is  sheer 
precipice,  about  150  feet  high,  and  one-eighth  of  a  mile  in  length. 
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forming  nearly  tlie  fourtli  part  of  a  circle ;  its  base,  whicli  consti- 
tutes the  immediate  margin  of  the  river,  is  strewed  with  great 
quadrangular  slabs  of  the  native  rock.  About  100  yards  from  the 
fall  is  a  hollow  scooped  out  in  the  base  of  the  precipice  over 
which  the  latter  gradually  projects  till  near  the  top.  There  seems 
no  doubt  that  tliis  has  been  the  work  of  the  fall  in  comparatively 
recent  times.  Adjoining  this  part,  a  vertical  rest  is  seen,  four  inches 
A^dde,  and  extending  along  the  entire  rocky  face,  and  a  short  dis- 
tance farther  down  a  narrow  gap  at  the  top  of  the  precipice  through 
which  iss^^es  a  small  stream,  while  at  the  north-west  extremity  of 
the  gorge  is  the  artificial  stair  down  which  visitors  descend  when 
going  to  the  bottom  of  the  fall. 

The  lower  portion   of  the  strata  dips   at  5°  a  little  south   of 
east,  while  the  entire  superior  part  is  greatly  broken  up,  lying  at 
all  angles.     The  sandstone  varies  considerably  in  colour,  purity, 
and  density,  some  of  it  resembling  a  consolidated,  highly  ferruginous 
clay,  while  a  large  portion  is  thickly  interspersed  with  minute 
plates  of  mica.     About  one-fourth  of  a  mile  farther  down  the  river 
is  "  Dundaff  Linn,"  consisting  of  three  minor  falls,  which  in  the 
aggregate  amount  to  about  12  feet.     The  river  here  is  flowing  due 
north-east,  and  at  this  point  there  opens  into  it  at  right  angles  a 
steep  but  short  valley,  the  high  south-east  bank  of  which  is  com- 
posed of  "  drift,"  with  here  and  there  a  large  boulder  projecting 
from  its  face.     From  Corra  to  Stonebyres'  Fall,  a  distance  of  fully 
three  miles,  the  Clyde  flows  through  a  deep  and  wide  depression, 
the  sides  of  which  are  extremely  undulating.     Above  the  bridge 
at  Kirkfieldbank,  a  village  situated  on  the  river's  margin  about 
two  miles  from  Corra,  are  a  couple  of  small  islands  well  covered 
with  vegetation,  and  a  short  distance  beneath  the  bridge  a  small 
tributary,  the  "  Mouse,"  joins  the  main  stream,  while  a  mile  far- 
ther down  is  Stonebyres'  Fall.     At  this  point  the  Clyde  takes  three 
distinct  leaps,  descending  in  all  76  feet.     In  going  to  the  lower  part 
of  the  cataract  you  pass  down  a  steep  embankment  over  great  blocks 
of  debris  that  have  fallen  from  the  adjoining  escarpment,  and  on 
reaching  the  bottom  a  full  view  may  be  obtained  both  of  the  three 
falls  and  of  the  rugged,  short  gorge  in  which  they  are  situated. 
At  the  termination  of  the  lower  fall  there  is,  as  usual  in  such  cases 
a  broad  dark  pool,  said  to  be  36  feet  in  depth,  and  when  the  water 
is  low  one  can  scramble  between  its  margin  and  a  projecting  cliff 
to  the  south-west  angle  of  the  third  platform,  which  is  then  seen 
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to  be  completely  Tindermiiied  by  the  regiirgitcation  of  the  fiiU. 
Overlianging  this  phitform,  and  separated  from  the  parent  rock  by 
a  great  vertical  rent,  is  a  huge  slice  of  cliff  that  seems  ready  to 
topple  headlong  with  the  first  severe  frost,  and  there  is  great 
probability  that  it  will  fall  on  the  platform. 

The  second  fall  is  also  received  into  a  deep  pool  hollowed  out  by 
the  incessant  action  of  the  water,  and  from  the  circumstance  of 
this  third  platform  being  scooped  out  from  above  downwards  by 
the  second  fall,  and  as  already  observed  from  below  upwards  l)y 
the  regurgitation  of  the  third  fall,  the  former  producing  a  concavity 
on  its  upper,  and  the  latter  a  convexity  on  its  lower  surface, 
there  can  be  no  doubt  that  the  rock  at  this  part  must  be  gradually 
becoming  thinner,  and  that  in  couree  of  time  the  water  will  make 
an  opening  sufficient  to  admit  of  it  flowing  under  instead  of  over 
the  platform,  should  the  latter  not  previously  be  crushed  down  by 
the  impending  cliff  already  referred  to. 

The  first  fall,  with  the  exception  of  a  few  modifications,  seems 
the  counterpart  of  the  second,  and  there  is  eveiy  probability  that 
the  same  phenomena  of  erosion  are  in  operation  between  the  first 
and  second  as  between  the  second  and  third  falls.  Tlie  depression 
through  which  Stonebyres  flows  is  sudden  and  steep,  its  banks, 
however,  do  not  rise  much  above  the  level  of  the  water  before  it 
descends  the  first  fall.  The  northern  boundary  seems  to  owe  its 
present  configuration  more  to  the  action  of  the  atmosphere  than 
of  the  ri^'er,  for  though  in  the  aggregate  nearly  vertical,  it  is 
full  of  fractures — is  broken  up  into  loose  angular  projections  and 
receding  trappean  ledges,  while  a  great  portion  of  the  opposite  preci- 
pice shows  a  uniform  surface  comparatively  free  from  rents  and 
dislocations,  and  looking  as  it  had  but  recently  been  ])hined  and 
dressed  by  the  current. 

The  lithological  features  are  similar  to  those  already  described, 
excepting  tliat  here  we  find  a  great  cliff  of  conglomerate  jirotrud- 
ing  into  the  stream  from  beneath  the  red  sandstone  at  a  short 
distance  below  the  third  fall;  at  various  heights,  also,  thin  seams 
of  this  material  are  interlaminated  with  the  prevailing  rock ;  its 
component  parts  are  both  rounded  and  angular,  and  consist  of 
quartz,  felspar,  felspar-porphry,  claystone,  and  greenstone,  with 
imggets  of  jasper  profusely  intermingled.  The  matrix  seems  also 
to  consist  of  the  same  materials  highly  comminuted. 

In  order  that  a  reliable  estimate  might  be  formed  in  regard  to 
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the  probable  age  of  these  falls,  I  chiselled  out  a  furrow,  a  few  weeks 
ago,  about  1  foot  in  length,  on  the  second  plateau  of  Stonebp-es,  the 
centre  of  which  is  precisely  24  inches  from  the  edge  of  the  precipice, 
at  right  angles  to  the  current.  Underneath  I  also  carved  out,  in 
a  very  rude  manner,  the  initials  of  our  Society,  with  the  date,  the 
whole  standing  thus — 

1  , . . .  Course  of  water. 

Furrow. 

G.  ;S.  G Initials  of  vSociety. 

^7,.^'    I    Date.i 

/6/.      S 

I  have  reason  to  believe  that  this  mark  will  be  covered  with  the 

stream  at  least  eight  months  per  annum,  and  it  will  be  interesting 

to  watch  the  rate  of  erosion  here,  as  from  the  nature  of  the  rock, 

the  volume,  and  velocity  of  the  current,  it  must  be  considerable; 

and   I  anticipate  that  in   18  months,   or  two  years,   it  will  be 

sufficiently  appreciable,  when  we  may  be  able  to  compute  from 

geological  data,  and  with  some  degree  of  certainty,  the  chronology 

of  these  deep  ravines. 

II. — The  Mouse  Valley  and  Cartland  Crags. 

A  short  distance  beyond  Cleghorn  Station  the  Caledonian 
Railway  crosses  the  Mouse  water.  At  this  point  the  banks 
are  about  15  feet  high,  and  are  composed  of  shingle  containing 
fragments  of  felstone  and  greenstone,  but  chiefly  of  a  greyish 
sandstone  which  crops  out  a  little  further  down  the  stream  under- 
lying the  shingle. 

A  few  hundred  yards  from  this  the  stream  plunges  over  an 
irregular  and  abrupt  rocky  face,  in  a  series  of  broken  cascades,  and  is 
shortly  lost  to  sight  at  the  botton  of  a  precipitous  and  umbrageous 
gorge.  The  sandstone  here  is  dipping  E.  at  30°,  while  a  little 
fui-ther  on  it  dips  S.  at  30 '^.  Passing  a  small  alluvial  flat  another 
slight  outcrop  of  the  strata  is  seen,  showing  a  fine  and  highly 
silicious  conglomerate,  capped  wdth  drift,  which,  about  one-fourth 
of  a  mile  distant,  is  laid  bare  to  a  much  greater  extent,  projecting 
overhead  in  rugged  blocks  that  alternate  with  beds  of  a  pale  yellow 
and  pale  red  sandstone,  towards  the  upper  surface  of  which  the  con- 
glomerate appears  in  oljlique  and  tapering  laminre,  the  lower  surface 

1  The  arrow  is  introduced  into  the  diagram  merely  to  show  the  course  of  the 
water  over  the  furrow,  and  is  not  carved  out  on  Stonebyres. 
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consisting  chiefly  of  tliin  friable  sheets,  apparently  too  arenaceous 
to  be  considered  a  shale,  and  too  argillaceous  to  be  called  a  sand- 
stone. This  section,  generally,  greatly  resembles  in  structure  the 
formation  at  Locherdinning,  in  the  Blane  Valley,  and  seems  to 
lie  in  the  same  geological  ])osition,  viz.,  between  the  Carboniferous 
and  Old  Eed  series.  In  the  immediate  vicinity  the  Mouse 
descends  a  series  of  falls  to  a  depth  of  about  40  feet,  when  it 
receives  a  small  triljutary  which  flows  down  a  magniflcent  ravine, 
the  dimensions  of  which  are  so  great  that  no  one  who  has  never 
meditated  on  the  erosive  power  of  water  would  for  a  moment 
think  of  imputing  its  formation  to  the  tiny  thread  flowing  at  the 
bottom.  Leaving  this  part,  the  main  stream  enters  a  valley,  which 
Mr.  Geikie  observes  is  choked  with  ])oulder-clay,  pointing  to  it  as 
an  instance,  along  with  others,  of  a  pre-glacial  river  bed  becoming 
filled  with  that  material.  At  the  lower  end  of  the  valley  is  Cartland 
Bridge,  near  which  the  stream  enters  the  ravine  of  Cartland  Crags, 
and  is  not  seen  again  till  it  issues  forth  at  Baronald  Bridge,  about 
one-fourth  of  a  mile  from  its  confluence  with  the  Clvde.  The  Craves, 
in  certain  parts,  rise  quite  vertical  to  a  height,  it  is  said,  of  300 
feet.  They  are  formed  of  the  same  rock  as  the  f[ills.  Access  to  the 
bottom  is  gained  by  a  zigzag  path,  and  at  about  15  feet  above  the 
stream  is  another,  so-called  Wallace's  Cave,  being  a  vertical  cleft 
in  the  rock,  at  right  angles  to  the  lines  of  stratification — 1 2  feet  in 
height  and  18  inches  in  breadth  at  the  entrance;  in  shape  it  is  like 
a  laterally  flattened  cone — the  apex  being  at  its  inner  extremity, 
and  has  evidently  been  formed  by  the  weathering  of  a  vein  c»f 
sulphate  of  barium,  encrusted  with  carbonate  of  calcium,  which 
is  still  well  defined  on  its  roof  and  floor.  A  prevailing  idea  is  that 
Cai-tland  Crags  were  caused  by  an  earthquake;  but  that  the  ravine 
is  the  result  of  aqueous  excavation,  and  not  that  of  a  convulsive 
throe  of  nature,  we  have  ample  proof  in  the  fact  that  no  vent 
or  line  of  fracture  exists  in  the  bed  of  the  stream,  the  strata  all 
\jmg  perfectly  undisturbed  and  uniform.  A  short  distance  below 
Baronald  Bridge  the  chasm  terminates  by  its  sides  gi-adually 
sloping  at  right  angles  to  the  Clyde,  and  latterly  becoming  blended 
with  an  alluvial  flat  about  50  acres  in  extent,  through  which  the 
Mouse  flows  till  it  joins  the  main  stream. 

Probable  Origin. — The  extensive  deposit  of  rolled  gravel,  shingle, 
and  sand,  stretching  for  miles,  in  all  directions  above  Carstairs,  in- 
dicates marine  conditions,  while  the  denuded  aspect  of  the  adjoining 
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highlands  suggests  an  arctic  temperature;  the  beach  at  Carstairs 
is  732  feet  above  the  sea,  and  as  it  thins  out  towards  the  Clyde 
vallev,  where  it  is  composed  of  fine  sand,  there  seems  no  reason  to 
doubt  that  these  appearances  are  the  result  of  the  assorting  power 
of  the  sea  waves  which,  when  washing  this  ancient  shore,  would  be 
above  the  highest  fall  of  the  Clyde.  Yery  probably  at  this  period 
the  southern  uplands  were  covered  with  the  strata  of  our  coal 
fields,  and  above  this  with  the  great  ice  sheet,  and  all  its  con- 
comitant phenomena,  while  the  lower  levels  were  hid  beneath  a 
wide  glacial  sea.  Previous  to  the  recession  of  the  waters  it  appears 
to  me  that  the  Clyde  valley  between  Carstairs  and  Elvanfoot 
existed,  as  the  extensive  smooth  hollows  on  the  hill  fronts,  all 
descending  with  a  uniform  and  sweeping  outline,  and  gradually 
blending  in  the  general  depression,  indicate  an  origin  of  much 
more  ancient  date,  and  a  development  accompanied  by  phenomena 
of  a  more  severe  character  than  can  be  attributed  to  the  same  valley 
from  the  falls  downwards;  or,  in  other  words,  that  the  upper  parts 
of  the  Clyde  valley  were  formed  principally  by  the  action  of  ice,  and 
the  lower  portions  chiefly  by  the  action  of  water.  Admitting  such, 
the  Clyde,  in  all  likeliliood  then  an  arctic  river,  would  join  the  sea 
in  the  Carstairs  district;  but  on  the  waters  receding  to  a  lower 
level,  there  is  nothing  in  the  existing  contour  of  the  surrounding 
country  to  show  why  the  river  chose  its  present  course  in  prefer- 
ence to  any  other.  No  doubt  there  is  now  an  extensive  valley, 
with  numerous  tributaries  carved  on  its  surface,  all  gravitating  to 
the  main  outlet,  but  its  formation  must  manifestly  be  referred  to 
a  period  subsequent  to  what  I  have  indicated.  Nevertheless, 
whatever  may  have  caused  it  to  select  the  existing  channel,  it 
seems  evident  that  at  first  it  had  a  broad  and  shallow  bed;  and 
this  brings  me  to  the  more  immediate  consideration  of  the  origin 
of  these  ravines  through  which  the  Mouse  and  Clyde  flow. 

Assuming,  as  before,  that  the  drainage  of  the  upper  reaches  of 
the  Clyde  was  adjusted  previously  to  that  of  the  lower,  the  sub- 
sequent change  in  the  relative  level  of  sea  and  land  would  add  to 
the  length  of  the  stream  in  proportion  to  the  amount  of  recent 
terrestrial  immergence;  the  existing  stream  having  farther  to 
travel  before  its  confluence  with  the  sea  than  hitherto,  and  having 
settled  down  in  a  permanent  bed  the  work  of  excavation  began, 
the  present  channel  being  then  en  a  level  with  the  surrounding 
country.     Kegarding  the  principles  of  aqueous  erosion,  Sir  Charles 
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Lyell  says* — "It  has  been  proved,  by  exi)eriment,  to  be  a 
universal  law  regulating  tlie  motion  of  running  water,  that  the 
velocity  at  the  bottom  of  the  stream  is  everywhere  less  than  in 
any  part  above  it,  and  is  greatest  at  the  suiface.  Also,  that  the 
superficial  particles  in  the  middle  of  the  stream  mo\'e  swifter  than 
those  at  the  side.  The  retardation  of  the  lowest  and  latei-al 
currents  is  jn-oduced  Ijy  friction,  and  when  the  velocity  is  sufficiently 
great  the  soil  composing  the  sides  and  bottom  give  way.  And, 
further,  the  addition  of  a  smaller  river  augments  the  velocity  of  the 
main  stream  often  to  the  same  proportion  as  it  does  the  quantity  of 
water.  The  cause  of  the  greater  velocity  is — 1,  that  after  tlie 
union  of  two  rivers,  the  water,  in  place  of  the  friction  of  four 
shores  has  only  that  of  two  to  surmount.  2,  because  the  main 
body  of  the  stream  being  further  distant  from  the  banks  flows  on 
with  less  interruption;  and,  lastly,  because  a  gi-eater  quantity  of 
water  moving  more  s^^iftly  digs  deeper  into  the  river's  bed."  These 
remarks  sufficiently  explain  the  principles  of  aqueous  erosion  and 
excavation  to  account  generally  for  all  their  phenomena,  but  there 
is  one  circumstance  by  which,  I  think,  they  are  partly  modified. 
For  example,  how  is  it  that  vertical  excavation  should  so  gi'catly 
exceed  lateral  erosion  in  Red  Sandstone,  as  seen  at  the  Falls,  the 
Crags,  the  Avon,  at  Cadzow  Castle,  and  at  Finnich  Glen?  It 
appears  that  there  are  some  of  the  chemical  constituents  of  Red 
Sandstone  more  soluble  in  water  and  less  easily  disintegrated  in 
air  than  those  of  other  rocks  of  a  similar  density;  in  proof  of 
which  I  remember,  during  the  excavations  for  the  new  docks  at 
Greenock,  of  seeing  the  men  turning  out  what  had  every  appear- 
ance of  being  a  boulder  clay  of  the  Old  Red,  but  on  visiting  the 
part  where  it  was  being  deposited  I  was  surprised  to  find  that 
what  had  been  laid  down  only  a  few  days  previously  was  no  longer 
a  tenacious,  nearly  semi-solid  substance,  but  a  hard  ringing  conglo- 
merate. This  circumstance  considered  with  the  uniformity  of 
texture  of  the  eroded  rock,  may  explain  the  unusual  excess  of 
vertical  excavation  in  Red  Sandstone. 

Having  assumed,  and  with  great  probability  of  truth,  that  the 
Clyde,  when  it  started  on  its  course  from  above  Bonnington  to 
beneath  Stonebyres,  flowed  in  a  comparatively  uniform  stream, 
how  then  did  the  falls  originate?  Bearing  in  mind  that  the 
descent  of  the  river  from  the  top  of  the  upper  to  the  bottom  of  the 
•  Priucii)lcs  of  Geology.     Pago  206. 
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lower  fall  is  not  less  than  300  feet,  and  that  the  two  extremes  are 
at  least  three  miles  apart,  to  make  a  legitimate  beginning  we 
would  require  to  suppose  this  space  filled  up  with  the  missing- 
material  to  the  height  of  300  feet,  and  in  all  probability  as  far 
below  Stonebyres  as  Bonnington  is  above  it,  because  the  face 
of  the  lower  fall  must  have  been  subjected  to  a  degree  of 
erosion  at  least  equal  to  that  of  the  upper  one,  and  if  at  this 
point  a  corresponding  elevation  were  found  stretching  horizontally 
across  the  country  at  right  angles  to  the  Clyde  valley,  then 
their  origin  could  at  once  be  referred  to  an  inland  sea-cliff  such 
as  thab  at  the  Spout  of  Ballagan,  Campsie  Glen,  and  Gleniffer 
Braes  j  but,  on  the  other  hand,  if  instead  of  the  ancient  stream 
terminating  suddenly  in  a  steep  escarpment,  it  gradually  sloped  into 
an  estuary,  then  we  would  require  to  attribute  their  origin  as  well 
as  theii'  further  and  present  development,  solely  to  the  action  of  the 
river  as  it  flowed  down  a  uniform  incline  of  about  10  in  1000,  and 
by  granting  that  in  a  descent  of  300  feet  over  a  distance  of  say  six 
miles,  it  must  pass  over  numerous  beds,  although  all  of  the  same 
formation,  yet  necessarily  varying  in  density,  it  follows  that  the 
attrition  of  the  softer  strata  will  be  greater  than  that  of  the  harder, 
thus  inecjualities  are  produced  which  in  the  lapse  of  ages  expand 
into  sudden  precipices  and  serrated  declivities,  breaking  up  the 
hitherto  uniform  current  into  miniature  cascades  and  foaming 
waterfalls.  Should  softer  strata  be  overlaid  by  harder,  the  latter 
is  undermined,  and  should  harder  be  covered  by  softer,  then  the 
softer  will  be  eroded  backwards,  either  till  it  runs  out  or  is  faulted 
off.  Thus,  it  appears  to  me,  that  these  falls  must  either  have  ori- 
ginated in  one  extensive  cataract  rolling  down  an  ancient  sea-cliff, 
or  in  the  manner  I  have  last  indicated,  probably  in  a  combination 
of  both;  but,  in  whatever  way,  there  can  be  no  doubt  that 
their  subsequent  development  is  wholly  due  to  the  operations  of 
that  agent  which  we  can  still  see  toiHng  unceasingly  at  its  long 
task. 

Regarding  the  origin  of  Cartland  Crags  they  are  doubtless  the 
work  of  the  little  brown  stream,  aptly  named  the  "Mouse"  (if 
from  its  colour)  that  meanders  at  their  bottom.  On  the 
Lanark  side  of  Baronald  Bridge  there  is  a  sudden  and  extensive 
hollow  about  100  feet  in  depth,  the  bottom  of  which  forms  part  of 
the  alluvial  flat  already  refeiied  to,  while  its  upper  extremity  is 
on  a  level  with  the  public  road,  the  greater  part  opens  to  the 


DOUGALL — FALLS    OF    CLYDE,    ETC,  53 

Clyde,  and,  looking  in  that  direction,  the  main  mass  of  ground 
rises  to  the  left,  with  a  lesser  tract  rising  at  some  distance  to  the 
right,  it  is  divided  into  nearly  equal  parts  by  a  great  abutment 
of  rock  much  wooded  on  one  side,  with  the  Mouse  flowing  at 
its  base ;  the  other  being  free  of  wood,  and  with  the  remainder  of 
the  circular  wall,  of  which  it  forms  a  part,  has  evidently  been 
smoothed  and  dressed  by  the  action  of  water. 

From  the  upper  extremity  of  this  hollow  a  depression,  which  is 
undoubtedly  an  old  water  course,  can  be  traced  across  the  lawn 
in  front  of  Baronald  House,  and  seemingly  connecting  it 
with  the  ravine  of  the  crags,  so  that,  viewed  along  with  the 
present  channel  of  the  Mouse  from  the  public  road,  they 
resemble  the  letter  V  inverted,  thus  evincing  manifest  proof  that 
the  former  is  the  ancient  bed  of  the  stream,  which  must  have 
then  terminated  in  a  fall,  by  the  action  of  which  the  hollow  has 
apparently  been  formed. 

As  the  gorge  of  the  crags  is  said  to  be  GUv)  feet  in  depth,  it 
follows  that  the  stream  when  beginning  to  carve  out  its  channel 
at  the  summit  of  the  crags  must  have  been  300  feet  higher  than  at 
present.  Now,  at  Cartland  Bridge  you  are  on  a  level  with  the 
stream,  and,  therefore,  300  feet  from  the  top  of  the  crags,  this 
bridge  standing  at  the  lower  end  of  the  valley  to  which  Mr.  Geikie 
alludes.  I  consider  these  facts  as  indicating  that  this  valley  was 
once  filled  with  water  to  the  top  of  the  crags  (certainly  if  the 
narrow  gorge  were  stopped  up  it  would  soon  fill  at  the  present 
time)  over  which  the  water  continued  to  flow,  till  it  had  cut  down 
the  opposing  rocks  to  the  level  of  the  bottom  of  the  valley  as  at 
present.  It  is  difficult  to  understand  how  the  stream  managed  to 
flow  in  the  depression  opposite  Baronald  House,  as  the  latter 
appears  to  be  situated  at  a  considerably  lower  level  than  the  top 
of  the  crags,  and  one  can  hardly  conceive  of  the  water  shifting 
from  a  lower  to  a  higher  level ;  still  the  present  surface  configum- 
tion  seems  to  indicate  this.  Indeed,  the  whole  featiu-es  of  the 
lower  part  of  the  course  of  the  Mouse,  though  exceedingly 
interesting  and  suggestive,  are  yet  very  puzzling,  and  would 
require  more  extended  investigation  than  I  have  afforded  to 
explain  satisfactorily  the  phenomena  attending  their  origin. 
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V. — On  Denudation   in  Scotland  a'lnce   Glacial   Times.     By 
James  Geikie,  Esq.,  of  the  Geological  Survey  of  Scotland. 

Road  November  28,  18(37. ; 

Throughout  the  -svide  domain  of  geological  inquiry,  there  is,  per- 
haps, no  subject  of  which  it  is  easier  to  gain  some  idea,  and  yet  at 
the  same  time  more  difficult  to  acquire  an  adequate  conception, 
than  Denudation.    We  all  know  how  rains  and  frosts  and  chemical 
decomposition  are  employed  unceasingly  in  modifying  the  aspect 
of  hills  and  plains — how  rivers  are  ever  deepening  and  widening 
the  valleys  in  which  they  flow — how  the  sea  by  its  constant  wave- 
action,  aided  by  frosts  and  other  agencies,  tends  to  reduce  to  its 
own  level  the  solid  lands,  with  all  their  infinite  variety  of  outline. 
It  is  no  less  [generally  known  how  the  geological  structure  of  a 
country  must  always  influence  its  configuration — how  the  soft  rocks 
will  generally  lie  in  the  valleys,  and  those  of  a  more  durable  nature 
occupy  the  heights — how  the  contour  of  the  heights  will  vary 
according  as  these  are  formed  of  schists,  of  gi'anite,  of  dolerite,  or 
quartz-rock,  or  of  any  other  well-marked  species — and  how  this 
peculiar  character  is  due  to  the  unequal  manner  in  which  these 
various  masses  yield  to  the  touch  of  the  atmospheric  forces : — so 
that  a  trained  eye  shall  oftentimes  detect,  at  a  considerable  distance, 
the  nature  of  the  rocks  by  reference  to  the  contour  of  the  hills 
alone.     But  while  all  are  willing  to  admit  that  the  subaerial  agents 
may  do  something  towards  modifying  the  surface  of  a  country,  yet 
many  will  not  allow  that  its  straths  and  valleys  have  been  mainly 
formed  by  these  seemingly  feeble  forces.      Nor,  when  we  reflect 
on  the  enormous  time  required  by  the  hy]^)othesis  which  they  reject, 
can  it  be  wondered  at  that  some  geologists,  whose  chief  stumbling- 
block  is  time,  should  have  summoned  up  subterranean  action  to 
account   for  certain   appearances   connected  mth   the   superficial 
phenomena  of  our  country; — still  less  ought  we  to  be  surprised 
when  the  sea  is  appealed  to  as  having  moulded  the  land  into 
mountain  and  valley.     Probably  few  who  begin  this  study  are  not 
at  fij'st  more  deeply  impressed  with  the  energetic  action  of  the 
waves  along  a  sea-coast,  than  with  the  less  obtinisive  work  carried 
on  by  the  subaerial  forces.     Gaunt  clifls  and  long-retiring  caves 
and  LDlets  seem  to  assure  them  that  rather  in  the  restless  activity 
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of  the  breakers  tliau  in  tlie  puny  rains  and  rivers  of  the  land  they 
have  found  the  power  which  hollowed  out  tlie  deep  places  of  the 
earth,  and  scarped  its  heights  into  beetling  precipice  and  scau. . 
No  one  can  heartily  accept  the  theory  which  refers  tho  origin  of 
liill  and  valley  directly  to  atmospheric  erosion  who  has  not  worked 
out  his  belief  for  himself  in  the  field.  This  is  the  only  way  to  learn 
what  denudation  really  is.  And  when  we  come  impartially  to 
consider  the  subject,  we  shall  find  that  a  vast  variety  of  agents  has 
been  at  work  from  the  earliest  geological  times  in  shaping  out  the 
contour  of  the  country.  It  is  not  disputed  that  subterranean 
movements  of  elevation  and  depression,  and  the  waves  and  currents 
of  the  sea,  have  in  many  cases  determined  the  direction  in  which 
streams  and  rivers  shall  flow;  but  the  cutting  out  of  the  valleys 
and  the  fashioning  of  the  hills  must  be  attributed  principally 
to  the  action  of  the  atmospheric  forces.  Yo  one-sided  theory, 
therefore,  that  shall  seek  to  explain  all  the  phenomena  by  refer- 
ence to  one  set  of  influences  alone,  can  bo  accepted.  The  limits 
of  this  paper,  however,  will  not  allow  me  to  pursue  this  subject. 
The  origin  of  our  mountain  and  valley-systems  dates  back 
unquestionably  to  much  more  remote  periods  than  the  advent 
of  tho  glacial  epoch;  and  there  is  nothing  more  certain  than  this, 
that  the  direction  follo^ved  by  the  glacier-ice  of  that  age  was 
influenced,  to  a  gi-eat  degree,  by  the  pre-existing  configuration  of 
the  country. 

The  subject  at  present  proposed  to  be  considered  is  denudation 
in  Scotland  since  glacial  times.  Now  it  is  very  evident  that  before 
we  can  have  any  proper  notion  of  the  denudation  of  a  countiy,  we 
should  first  ascertain,  as  well  as  we  can,  the  nature  and  geological 
origin  of  the  rocks  which  appear  to  have  been  denuded.  For  it  is 
l^lain  that  until  we  know  how  these  rocks  came  to  be  amassed,  we 
can  never  hope  to  gain  any  proper  estimate  of  the  degree  of  erosion 
to  which  they  may  have  been  subjected  since  the  time  of  their 
formation.  How  can  we  expect  to  appreciate  the  waste  which  the 
strata  have  experienced  until  we  have  first  carefully  examined 
these  and  considered  their  geological  relations,  and  gathered  together 
all  the  evidence  we  can  w4th  regard  to  theii'  foiTuer  extension? 
Denudation  is  thus  a  much  more  complicated  study  than  it  may  at 
first  appear  to  be ;  and  by  those  only  who  are  content  to  work  out 
the  matter  for  themselves  can  it  be  thoroughly  grasped.  We  may, 
indeed,  make  up  our  minds  on  book  evidence  as  to  the  probability 
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of  this  or  tliat  tlieoiy  of  demidation;  but  it  is  one  tiiiiig  to  believe 
— it  is  a  very  different  thing  to  feel  that  we  believe. 

Before  we  can  arrive  at  any  pro23er  conclusion  regarding  denu- 
dation in  Scotland  since  the  glacial  period,  the  deposits  of  that  age 
must  be  critically  examined.  We  must  inquire  into  the  mode  of 
their  accumulation,  so  as  to  ascertain  what  degi-ee  of  waste  they 
have  sustained  since  dejoositiou,  and  how  much  of  that  erosion  may 
be  due  to  the  action  of  the  sea  during  the  marine  stasfe  of  the 
glacial  epoch — how  much  to  that  of  the  atmospheric  forces  in  subse- 
quent times.  In  short,  our  investigations  involve  a  study  of  the 
whole  history  of  the  Drift  Formation.  In  the  remarks  that  are  to 
follow,  hov\-ever,  I  do  not  pretend  to  offer  anything  like  a  digest 
of  that  history.  On  the  contrarj^,  attention  will  be  limited  to 
these  portions  of  the  evidence  that  seem  best  fitted  to  bring 
before  us  the  general  aspect  which  appears  to  have  been  presented 
by  the  drift  accimiulations  during  the  various  stages  of  the  glacial 
period. 

The  surface  of  our  country  is  overspread  with  a  more  or  less 
continuous  sheet  of  certain  loose  and  incoherent  dej)Osits  of  clay 
and  sand  and  gravel,  to  which  geologists  have  given  the  general 
name  of  the  Glacial  or  Drift  Formation.  These  masses,  w^hen 
studied  in  detail,  are  foimd  capable  of  being  divided  into  more  or 
less  well-defined  groups,  relatively  of  different  ages,  but  all  belong- 
ing to  one  gi-eat  geological  period.  Thus,  at  the  base,  we  have  the 
stony  till  or  boulder  clay,  and  above  that,  in  certain  areas,  come 
vast  heaps  of  sand  and  gravel;  while  in  other  districts  the  till 
is  overlaid  by  fine  stratified  fossiliferous  clays,  or  sometimes  by  a 
very  coarse  upper  boulder  clay.  Much  still  remains  to  be  done 
in  the  working  out  of  the  history  of  these  deposits  in  detail,  but 
the  general  succession  of  geological  changes  which  they  indicate  is 
nevertheless  sufiiciently  ascertained.  Geologists  are  now  agreed 
that  the  observed  phenomena  can  only  be  explained  by  reference 
to  what  is  taking  place  in  arctic  and  alpine  regions.  The  rounded 
contour  of  our  hills,  the  flutings  and  sculpturings  of  our  valleys, 
the  scratched  and  polished  rock-surfaces  that  everywhere  abound, 
bear  emphatic  testimony  to  the  former  passage  of  a  great  sheet  of 
moving  ice  under  which,  at  some  distant  date,  these  islands  of 
ours,  in  common  with  the  higher  latitudes  of  Europe,  Asia,  and 
America  lay  buried,  only  the  loftier  mountain  tops  peering  above 
the  desolate  waste.      And  in  like  manner  do  the  gatherings  of 
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sand  and  gravel  and  clay,  and  tlio  pell-mell  heaps  of  the  boulder 
earth  testify  to  the  subsequent  presence  of  the  sea  over  certain 
areas  of  the  same  regions.^ 

At  the  time  when  the  Lower  Boulder  Clay  of  Scotland  was  being 
deposited,  tlie  land  appears  to  have  stood  at  a  greater  elevation 
above  the  sea  than  now,  and  the  same  seems  to  hold  true  of  those 
other  glacial  regions  of  the  Northern  Hemisphere  which  have  been 
examined  l;y  geologists.  The  rock-scratchings — the  ruts  left  by 
the  ancient  glaciers — dip  from  tlic  shores  of  the  mainlands  out  to 
sea,  and  are  found  reap})earing  on  distant  islands,  many  of  which 
could  not  of  themselves  have  nourished  separate  glaciers.  In 
short,  it  is  not  impossible  that  Europe  may  even  have  been  con- 
nected across  the  area  now  covered  by  the  Ai'ctic  and  Atlantic 
Oceans  witli  the  high  latitudes  of  North  America,  so  as  to  form 
one  vast  arctic  continent.  The  evidence  of  this  arctic  condition  of 
our  country  is  observed,  as  just  stated,  in  the  peculiarly  moulded 
outlines  of  hill  and  valley, — in  the  polished  faces  of  the  rocks, — 
and  notably  in  that  wonderful  deposit  known  as  the  boulder  clay. 
Before  we  can  form  any  pro})er  estimate  of  the  denudation  experi- 
enced since  these  old  glacial  times,  it  is  necessary,  as  already  indi- 
cated, tliat  we  first  ascertain  the  mode  in  which  our  rocks  came  to 
be  moulded  and  striated,  and  the  situations  in  which  the  boulder 
clay  was  most  likely  to  gather. 

The  general  trend  of  the  ice-markings  in  the  Northern  Hemis- 
phere is  from  north  to  south ;  l)ut  the  form  of  the  ground  often 
has  considerable  influence  in  turning  them  from  this  general  direc- 
tion. They  are  not  by  any  means  confined  to  valleys,  but  are 
found  to  run  up  considerable  hills,  and  in  many  cases  to  traverse 
their  summits.  The  iceberg  theory,  which  sought  to  accoimt  for 
all  these  phenomena,  is  now  very  generally  abandoned,  and  that  of 
a  great  movuig  ice-cap,  first  advanced  by  Agassiz,  adopted  in  its 
stead.  The  thickness  of  the  ice  which  covered  this  country  can 
only  be  roughly  approximated — it  probably  exceeded   2000  feet 

1  To  obviate  confusion  I  give  here  various  terms  used  synonymously  in  this 
paper : — 

Lower  Boulder  Clay ;  Till ;  or,  simply,  Boulder  Clay. 

--    .       <-,^    j^.,,    ,    ,,  ,    ,    ("Hand  and  Gravel  (kaims,  eskers,  &c. ), 

Marine,  Stratitied,  Ke-assorted,  )      jj^^^^^^  Boulder  Clay  or  Boulder  Earth, 

or  Upper  Diift,      -        -        -  (^     Glacial  Clays  (brick  clays,  Ac.) 
Later  Drift,        ....     Sux'face  wash.  Moraines,  &c. 
^  ...  .  f  Applied  to  all  or  any  of  the  Glacial 

Drift,          -        -        -        .  ^      Deposits. 
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in  the  deei)er  parts.  An  examination  of  glacier  flutings,  furrow- 
ings,  and  strife,  shows  that  in  Scotland  the  glacier  ice  radiated 
do^iwards  from  the  high  grounds,  following  the  line  of  the  prin- 
cipal valleys.  Thus,  in  the  northern  Highlands  we  find  the 
scratches  going  to  every  point  of  the  compass.  In  the  southern 
uplands  the  same  appearances  present  themselves;  while  in  the 
intermediate  lowlands  the  ice  seems  to  have  been  deflected  to 
cast  and  west — the  striae  of  the  basin  of  the  Forth  running  east- 
wards, wdiile  those  of  the  Clyde  have  a  westerly,  or  south-westerly 
trend.  Much  of  the  ice-marking,  how^ever,  is  due  to  the  local 
glaciers  of  a  subsequent  period. 

During  the  continuance  of  this  arctic  climate  the  waste  of  the 
underlying  rocks  must  have  been  considerable.  Mountains  of 
schist  have  been  in  some  measure  deprived  of  the  outlines  which, 
under  usual  atmospheric  action,  they  must  have  assumed.  Hills 
of  shattered  and  much-jointed  greywacke,  which  ought  to  rise  up 
in  broken,  sen-ated,  and  peaky  tors,  show  instead  a  rounded  and 
hummocky  contour.  Valleys  which,  from  the  nature  of  their 
strata,  we  should  have  expected  to  present  steep,  precipitous,  or 
vertical  walls,  have  been  moulded  into  smooth  and  undulating 
hollows.  Glens,  at  one  time  roughened  with  countless  crags,  and 
bristling  with  jagged  points  of  rock,  have  had  the  shai^^  angles  and 
rude  corners  worn  away — the  present  ruinous  and  tumbled  aspect 
of  many  of  our  Highland  glens  being  due  to  subsequent  atmos- 
pheric w^aste,  which  is  gradually  effacing  the  traces  of  glacial 
action.  Most  of  our  lakes  occupy  hollows,  which  have  been  dug 
out  of  solid  rock  by  the  excavating  powers  of  the  glaciers.  And 
the  wreck  and  rubbish  that  resulted  from  all  this  scooping  and 
grooving  and  planing  now  lie  scattered  far  and  wide  athwart  the 
land. 

The  Lower  Boulder  Clay  is  generally  believed  to  represent  the 
moraine  jrro/qndey  or  ground  moraine,  which  collected  underneath 
the  ice-sheet.  It  is  characterised  by  its  "  tenaceous  homogeneous 
paste,"  and  by  the  vast  numbers  of  well-polished  and  striated 
stones  which  it  contains.  The  terminal  moraines  of  a  glacier,  on 
the  other  hand,  are  composed  of  loose  heaps  of  earthy  sand  and 
clay,  with  large  angular  boulders  and  fragments,  which  are  not 
generally  well  striated — the  whole  showLug  a  very  confused  ap- 
pearance, but  sometimes  exhibiting  a  little  stratification.  "Of 
course  masses  of  drift  below  a  great  sheet  of  ice  moving  steadily  in 
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the  same  direction,  over  uneven  and  rocky  surfaces,  cannot  pre- 
serve tlie  same  thickness  throughout.  Here  and  there  the  incum- 
bent weight  will  press  more  heavily  in  one  direction  than  another, 
thus  crowding  the  loose  materials  together,  rolling  them  into 
ridges,  following  mainly  the  direction  of  the  movement.  Occa- 
sionally such  uneven  pressure  may  drive  these  materials  up  from 
either  side,  along  the  summit  of  a  rocky  ledge,  or  heap  them  at 
any  height  upon  its  slope."  ^  Agassiz  has  described  certain  long 
mounds  of  this  nature  in  the  State  of  Maine,  locally  called  "  horse- 
backs," which  he  believes  to  have  had  such  an  origin  :  and  I 
would  refer  to  the  long  broad  mounds  in  some  of  oui'  own  boulder 
clay  regions  as  having  probably  been  formed  in  a  similar  manner. 
The  general  direction  of  these  mounds  often  corresponds  remark- 
ably with  that  of  the  glacial  stria^,  and  roclies  moutonnees^  of  the 
districts  where  they  occur.  No  doubt  these  mounds  have  been  to 
some  extent  modified  by  atmospheric  waste,  but  their  trend  is  often 
too  continuous  to  allow  us  to  believe  that  they  have  been  fashioned 
entirely  by  the  action  of  rains  and  streams.  In  some  cases,  how- 
ever, it  becomes  a  matter  of  much  difficulty  to  determine  when  the 
surface-arrangement  of  the  till  into  such  broad  ridges  or  long 
parallel  mounds  is  due  to  the  causes  referred  to,  and  when  it  ought 
to  be  assigned  to  the  influence  of  marine  currents  durinor  the 
succeeding  period  of  submergence.  Atmospheric  denudation  is 
out  of  the  question,  for  the  intervening  hollows  frequently  bear  no 
relation  to  the  drainage  of  the  district. 

Our  lower  boulder  clay  lies  thickest  in  the  valleys,  and  thins 
away  in  all  directions  as  it  approaches  the  mountainous  regions, 
from  which  w^e  may  reasonably  infer  that  it  had  a  tendency  to 
collect  at  low  levels.  On  steep  mountain  slopes,  or  summits, 
the  till  would  not  readily  form,  but  we  occasionally  meet  with 
.small  areas  lying  in  sheltered  hollows  at  considerable  elevations, 
especially  in  the  southern  uplands  of  the  country.  All  the  ap- 
pearances in  that  region,  however,  conspii'e  to  assure  us  that  such 
high  level  accumulations  are  exceptional.^ 

1  "  Glacial  Phenomena  in  Maiut." 

^  As  this  paper  is  not  intended  to  present  a  complete  summary  of  the  pheno- 
mena connected  with  the  drift,  I  have  not  thought  it  necessary  to  enter  into  any 
description  of  the  sub-divisions  of  the  tilL  That  deposit,  as  represented  in 
Scotland,  not  unfrequcntly  coiitnius  beds  of  stratified  sand,  gravel,  and  "gutta- 
percha" clays.  These  strata  are  ucvorof  any  considei'able  extent,  and,  moreover, 
are  not  of  common  occvu-rence  in  the  xipland  districts,  where  they  appeal-  to  be 
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The  aspect  1  of  iDOiilder  clay,  in  districts  where  marine  drift 
abounds,  denotes  extensive  denudation  before  it  came  to  be 
covered  np  by  these  later  deposits.  Indeed,  from  some  kaim- 
bearing  regions  it  seems  to  have  almost  vanished — this  being 
notably  the  case  in  the  narrower  valleys.  It  is  also  worthy  of 
remark  that  when  a  lateral  spur  of  rock  advances  into  such  a 
valley/  it  has  often  afforded  protection  to  the  till  in  its  rear,  this 
deposit  having  been  swept  away  from  the  side  exposed  to  the 
denuding  agents.^  In  the  broader  gravel-bearing  valleys  the 
boulder  clay  has  usually  experienced  a  less  legree  of  erosion.^ 

Now  let  us  turn  to  those  valleys  of  our  southern  uplands,^  which 
contain  no  marine  drift,  and  we  shall  find  the  boulder  clay  forui- 
ing  a  marked  object  in  the  landscape.  Here  it  slopes  down  gently 
from  the  hill-sides,  and  overhangs  the  streams  in  bold  blufis. 
Nothing  can  be  more  striking  than  the  contrast  between  this 

confined  to  valleys.  As  we  descend  into  the  larger  valleys  they  gain  in  thickness, 
so  much  so  as  to  lead  one  to  suspect  that  as  they  approach  these  lower  levels 
they  may  he  of  marine  origin.  If  this  should  eventually  be  found  to  be  the  case, 
we  may  be  able  to  correlate  the  beds  with  the  sand  and  gravel  of  the  English 
lower  boulder  clay.  The  stratified  beds  of  the  Scottish  till,  must  not,  however, 
be  confounded  Avith  the  re-assorted  drifts  of  the  succeeding  period,  which,  it  must 
be  confessed,  they  often  closely  resemble.  The  sand  and  gravel  of  the  kaims  or 
eskers  recline  distinctly  upon  the  till — most  frequently  on  an  eroded  surface 
of  that  deposit. 

1  Details  of  the  di'ift  phenomena,  which  are  only  sketched  in  outline  above,  will 
be  found  in  several  forthcoming  Memoirs  of  the  Geological  Survey  of  Scotland. 

2  It  is  instructive  to  observe  how  often  the  denuding  agent  seems  to  have  acted 
from  north  to  south.  The  northern  declivities  of  the  Ochil  HUls,  for  example, 
exhibit  a  mxich  more  denuded  covering  of  till  than  that  which  mantles  their 
southern  slopes  in  Fife  and  Kinross.  The  marine  drifts  of  Peebles  and  Selkirk 
contain  erratics  from  the  north  ;  and  in  the  district  referred  to  in  the  note 
below,  the  aspect  of  the  boulder  clay  shows  that  currents  coming  from  the  north 
have  bared  the  hiU-slopes  facing  in  that  dii-ection,  while  the  crest  of  the  hiUs, 
by  deflecting  these  currents,  has  afforded  protection  to  the  deposits  in  the  rear. 

3  Along  certain  exposed  parts  of  these  valleys,  however,  the  boiilder  clay  has 
often  been  widely  denuded.  Many  examples  will  occur  to  the  geologist  who  is 
familiar  with  the  valleys  of  central  Scotland.  I  cannot  help  connecting  the 
aspect  of  this  formation,  not  only  -with  the  presence  or  absence,  but  also  with  the 
character  of  the  tipper  drifts.  Thus,  in  valleys  where  the  gravel  is  of  a  coarse 
shingly  character  (which  is  very  commonly  the  case  in  the  narrower  valleys),  the 
underlying  boulder  clay  is  usually  more  denuded  than  in  regions  where  the 
upper  drifts  consist  of  finer  materials.  In  districts  where  these  upper  drifts 
are  of  rare  occurrence  we  sometimes  find  that  the  boulder  clay  has  in  great  mea- 
sure disappeared  from  those  portions  of  the  groimd  that  approach  the  highest 
levels  reached  by  the  sand  and  gravel.  Thus,  for  example,  the  undulating  and 
knolly  trappean  region  which  sweeps  up  from  Paisley,  Cathcart,  and  Kilbride, 
towards  the  moory  districts  of  the  south,  has  been  in  gi-eat  measure  bared  of  its 
boidder  clay  up  to  a  height  of  1)00  or  950  feet.  Above  this  level  the  till  shows 
less  denudation  ;  and  when  we  cross  the  water-shed  into  the  basin  of  the  River 
Ir\ine,  we  find  the  boulder  clay  coming  on  in  great  force,  and  preserving  its 
thickness  down  to  the  bed  of  the  river. 

*  Such  valleys,  for  example,  as  those  of  the  Loithan  and  Heriot  Waters,  and 
many  of  the  lateral  valleys  that  open  into  the  River  Tweed. 
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appearance  and  tlie  asi)ect  of  the  same  deposit  in  kaim-bearing 
valleys.  The  moment  we  leave  such  a  valley,  with  its  mounds  of 
sand  and  gi-avel,  and  meagre  coating  of  boulder  clay,  and  enter 
one  from  which  marine  accumulations  are  absent,  we  come  at  once 
into  a  region  where  the  only  waste  the  till  seems  to  have  suffered 
appears  in  the  deep  cuttings  made  by  the  stream.  The  flat 
terrace-like  upper  surface  of  the  till  is  probably  original,  and  not 
due  to  subsequent  atmospheric  agency.  The  chiy  seems  never  to 
have  attained  a  much  greater  thickness  in  these  valleys  than  it 
now  presents. 

The  sum  of  what  has  been  advanced  is  briefly  this  : — 

1.  The  moraine  irrofonde  of  the  old  ice-sheet  (/.e.,  our  lower 
boulder  clay)  gathered  most  abundantly  over  the  surface  of  the 
lowlands.  Its  occurrence  at  considerable  elevations  being  the 
exception  to  the  rule. 

2.  The  remarkable  linear  direction  of  certain  mounds  of  boulder 
clay  in  some  districts  of  the  Lowlands,  agi'eeing  as  this  does  with 
the  general  bearing  of  the  glacial  markings  of  the  same  localities, 
induces  us  to  believe  that  we  have  here,  with  modifications,  the 
original  contour  of  the  till,  after  the  superincumbent  ice-sheet 
had  disappeared.  But  we  must  also  admit  that  this  surface- 
arrangement  into  parallel  mounds  is  not  unfrequently  due  to 
marine  denudation  during  a  period  of  submergence. 

3.  Where  marine  drift  abounds,  the  lower  boulder  clay  is 
usually  observed  to  have  suffered  extensive  denudation,  previous 
to  the  accumulation  of  the  overlying  gravel  and  sand. 

4.  In  those  npland  valleys  whicli  do  not  show  marine  drift, 
the  till  generally  forms  well-marked  terraces,  more  or  less  cut 
down  by  the  streams,  but  probably  exhibiting  nearly  the  original 
thickness  of  the  stratum. 

I  now  pass  to  consider  the  upper  drifts ;  but  space  forbids  my 
entering  into  details,  and  a  few  general  obsei'vations  may  suffice. 

The  origin  of  the  Stratified  Drift,  which  in  many  places  overlies 
the  till  or  boulder  clay,  was,  for  a  long  time,  matter  of  dispute 
among  geologists.  Some  were  of  opinion  that  the  ridges  of  gravel 
and  mounds  of  sand  resembled  the  terminal  moraines  of  glaciei-s; 
others,  again,  were  inclined  to  attribute  them  to  the  exaggerated 
action  of  rivers  during  floods.  But  although  the  upper  drifts  do 
sometimes  assume  the  appearance  of  terminal  moraines,  not  only  in 
the  nature  of  their  contents,  but  also  in  their  peculiar  form  or 


62  TRANSACTIONS    OF    THE    GEOL.    SOC.    OF    GLASGOW. 

contour,  and  althougli  at  times  they  likewise  bear  some  resemblance 
to  great  river  terraces,  wliicli  liave  suffered  much  denudation,  still 
such  appearances  are  deceptive,  and  there  can  be  no  doubt  what- 
ever that  the  vast  bulk  of  the  upper  drift  deposits  has  been 
amassed  below  the  level  of  the  sea;  for  not  only  is  the  sum  of 
these  accumulations  out  of  all  proportion  to  any  possible  volume 
of  river  water  which  could  have  swept  down  our  valleys,  but 
the  frequent  occurrence  of  considerable  gatherings  of  sand  and 
gravel  on  water-sheds,  and  at  heights  which  no  river  could 
reach,  compels  us  to  assign  the  formation  of  these  deposits  to 
the  action  of  the  sea  instead.  Of  late  years  there  have  been 
some  attempts  to  classify  these  drifts.  The  kainis  and  mounds 
of  gravel  and  sand  have  been  compared  to  the  banks  and  bars 
which  are  heaped  up  on  the  sea-bottom  by  currents.  My  colleague, 
Mr.  Kinnahan,  divides^  the  kaims  or  eskers  into  three  classes, 
which  he  calls  respectively  Fringe  Eskers,  Barrier  Eskers,  and 
Shoal  Eskers. 

"  The  Fringe  Eskers  occur  fringing  high  grounds. 

"  The  Barrier  Eskers  stretch  from  one  high  ground  to  anothej', 
or  run  out  as  a  spit  or  bar  from  high  ground. 

"  The  Shoal  Eskers  have  been  so  called  as  they  seem  to  be 
similar  to  the  shoals  and  shifting  banks  of  the  present  day.  They 
have  no  regular  form,  sometimes  being  low  undulating  hills,  but 
generally  occurring  in  short  ridges  that  run  every  way,  often  at 
nearly  right  angles  to  one  another." 

The  gravel  and  sand  which  compose  these  eskers  or  kaims  have 
been  derived  partly  from  the  waste  of  the  sub-jacent  boulder  clay, 
and  partly  from  the  droppings  of  icebergs.  It  is  not  uncommon 
to  meet  with  large  erratics  and  sporadic  heaps  of  moraine-like 
matter  in  the  very  heart  of  beautifully  false-bedded  sand  and 
fine  gravel.  Sometimes,  indeed,  the  sand  and  gravel  seem  to  pass 
into  a  kind  of  earthy  till.  This  latter,  which  is  undoubtedly  the 
droppings  from  floating  ice,  is  very  abundant  in  some  localities, 
where  it  appears  to  replace  the  usual  sand  and  gravel,  and  was  in 
all  probability  deposited  contemporaneously  with  certain  portions 
of  the  stratified  drift  upon  the  bed  of  the  sea.  It  is  often  exceed- 
ingly diflacult  to  distinguish  it  from  the  tiiie  till,  or  lower  boulder 
clay,  especially  in  the  neighbourhood  of  mountainous  districts. 

1  "On  the  Eskers  of  the  Central  Plain  of  Ireland,"  a  paper  read  before  the 
Geological  Society  of  Dublin,  Nov.  11,  1803. 
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But  as  a  rule,  the  blocks  and  fragments  which  it  contains  are  of 
more  angular  shapes,  show  less  striation,  and  are  oftener  far- 
travelled  than  the  corresponding  stones  in  the  till.  Above 
all,  the  boulder  earth  exhibits  more  abundant  stratification 
than  the  former — the  stones  often  forming  into  distinct  lines  or 
layers,  and  the  deposit  being  frequently  interbeddcd  with  great 
depths  of  sand  and  laminated  clay.  In  general,  however,  this 
boulder  eartli  does  not  occur  in  any  abundance  over  these  regions 
which  arc  occupied  by  kaims  of  gravel  and  sand.  Conversely,  it 
is  also  remarkable  that  where  the  boulder  earth  is  in  greatest 
force,  marine  sands  and  gravels  are  either  entirely  absent  or  occur 
only  here  and  there  in  widely-separated  sporadic  mounds.  I  have 
already  remarked  that  in  sand  and  gi'avel  regions  the  lower 
boulder  clay  has  usually  suffered  much  erosion — the  upper  drift 
being,  in  fact,  made  up,  in  large  measure,  of  the  re-assorted  mate- 
rials. The  stratified  drifts  thus  come  to  act  as  indicators  of  the 
existence  of  former  currents  over  certain  areas  of  what  once 
formed  the  bed  of  the  glacial  sea.  "When  these  deposits  are  absent, 
the  lower  boulder  clay  is  usually  found  in  full  force,  even  in 
those  localities  where  it  is  surmounted  by  a  considerable  thickness 
of  boulder  earth.  We  are  thus  led  to  conclude  that  the  presence 
of  the  amor]i)hous  boulder  eai-th  is  due  to  the  feebleness  of 
current  action  over  such  regions — the  droppings  of  the  ice- 
bergs having  fallen  into  comparatively  still  water,  remained 
unass(jrted  on  the  floor  of  the  sea,  and  were  only  liable  to  be 
occasionally  covered  up  by  fine  sand  and  clay  brought  thither  by 
gentle  currents.  The  boulder  earth,  as  from  its  origin  we  should 
expect,  is  a  most  irregular  deposit — thickening  and  thinning  out 
very  rapidly,  and  often  occurring  only  in  scattered  patches,  with 
the  lower  boulder  clay  appearing  in  the  intervals.  It  forms  the 
most  continuous  sheets  in  the  neighbourhood  of  lofty  hills.  Thus, 
for  instance,  it  lies  scattered  far  and  \vide  over  the  undulating 
moory  grounds  that  sweep  out  in  all  directions  from  the  base  of  the 
Merrick  mountains  in  Galloway,  while  in  such  lowland  districts 
as  the  basin  of  the  Forth  it  makes  its  appearance  very  rarely,  and 
then  only  in  a  few  isolated  heaps.  Unlike  the  lower  boulder 
clay  of  hilly  regions,  it  forms  no  marked  feature  in  the  landscape, 
but  reclines  indiscriminately  on  hill-top,  hill-side,  and  valley- 
bottom.     The  lower  boulder  clav,  on  the  other  hand,  exhibits,  as 
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already  stated,  a  very  distinctive  aspect  in  many  of  the  valleys  of 
our  southern  uplands. 

During  the  deposition  of  the  lower  boulder  clay,  the  land 
seems  to  have  been  gradually  sinking  dowTi  into  the  sea,  so  that 
eventually  only  the  higher  mountain-tops  remained  above  its  level, 
forming  scattered  archipelagoes  of  frozen  islands.  One  of  the  most 
interesting  points  of  detail  to  be  yet  worked  out  is  the  precise 
degi-ee  of  submergence  then  attained  throughout  the  area  of  the 
British  Islands.  Enough  is  already  known  to  render  it  probable 
that  the  maximum  of  depression  was  not  the  same  for  the  wdiole 
country,  some  regions  appearing  to  give  evidence  of  deeper  sub- 
mergence than  others.  Thus  in  the  south-west  of  Scotland  we  find 
traces  of  the  sea  at  loftier  elevations  than  in  the  hilly  districts  of 
the  south-east.  In  the  latter  a  depression  of  11 00  feet  only  has  been 
proved;  while  in  the  former  undoubted  marine  deposits  are  met 
with  several  hundred  feet  higher.  In  the  northern  Highlands, 
attain,  Mr.  Jamieson  mentions  that  he  has  seen  accumulations  of 
what  he  considers  to  be  marine  drift  at  an  elevation  of  1550  feet 
above  the  level  of  the  sea.^  But  w^hether  these  regions  attained 
each  its  maximum  of  depression  at  one  and  the  same  time,  or 
whether  there  Avere  oscillations  of  level  dui^ing  the  gi'owi^h  of  the 
stratified  drifts,  is  not  yet  satisfactorily  determined.  We  must 
wait  until  these  deposits  and  theii'  fossiliferous  contents  come  to  be 
studied  in  greater  detail  before  we  can  express  any  decided  opinion. 
Before  passing  from  this  subject,  however,  it  may  be  well  to  point 
out  the  nature  of  the  geological  evidence,  Avhich  ought  to  guide  us  in 
our  attempts  to  discover  the  margins  of  the  glacial  sea.  An  exami- 
nation of  the  sand  and  gravel  of  any  typical  district  will  show  us 
that,  as  we  leave  the  central  parts  of  the  broad  valleys  or  straths, 
and  approach  the  contiguous  higher  grounds,  the  marine  drift 
appears  to  thin  away  from  heaps  of  well  stratified  materials  to 
meagre  irregular  sprinklings  of  earthy  and  stony  rubbish.  The 
fine  sand  and  gravel,  with  diagonal  bedding,  occupy  chiefly  the 
bottoms  of  the  valleys,  the  kaims  and  mounds  of  coarser  debris  lie 
for  the  most  part  along  the  hill-sides.  Of  course  there  are  many 
exceptions  to  this  nile;  but  such  is,  in  general,  the  position  taken 
up  by  the  marine  drifts,  wherever  we  find  these  most  typically 
developed.     It  may  also  be  remarked  that  high-level  deposits  of 

^  Quart.  Journal  Geol.  Soc,  vol.  xvi.,  p.  .362. 
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riulely-bedded  and  unstratified  stony  debris,  or  angular  gravel, 
are  most  commonly  met  with  in  valleys  whose  bounding  hifrh. 
gi'ounds  reach  to  mountainous  elevations.  Now,  the  inference  from 
these  facts  appears  to  ])e  obvious,  and  points  to  a  passage  from  a 
deeper  to  a  shallower  sea-bed.  ]3ut  Ave  may  go  a  step  further. 
The  persistency  with  which  the  angular  gravels  approach  to  a 
certain  level  along  the  hill-slopes  of  some  regions,  without  ever 
passing  beyond  it,  strongly  favours  the  conclusion  that  we  have  in 
that  level  the  true  upper  limits  of  the  marine  diift.  There  are,  it 
is  true,  kaim-bearing  valleys  in  the  same  districts,  whose  slopes,  at 
a  similar  elevation,  are  quite  free  from  marine  deposits.  But  we 
may  easily  believe  that,  at  some  points  along  the  coasts  of  the  old 
glacial  sea,  loose  materials  would  not,  from  various  causes,  accumu- 
late ;  nor  is  it  dilhcult  to  conceive  that  a  deposit,  probably  of  no 
thickness  from  the  first,  should  by  and  by  come  to  be  washed 
away  from  a  steep  hill-side.  If  this  be  admitted,  it  may  well  be 
asked  whether  the  marine  drift  might  not  originally  have  reached 
to  gi'eater  heights,  from  which  it  has  since  been  removed  by 
denudation.  To  this  it  can  be  answered  that  there  are  many 
sheltered  spots  at  higher  levels  where  we  might  expect  to 
meet  with  it  if  it  ever  did  exist  there.  Such  hollows,  however, 
are  either  filled  with  boulder  clay  or  with  that  surflxce-wash 
which  was  probably  formed  under  the  snow  or  neve  of  the  period. 
If  this  surface-wash  has  for  so  long  a  time  escaped  obliteration  on 
such  inclines,  the  marine  drift  could  not  surely  fail  to  have  left 
some  memorials  of  its  former  presence  in  similar  situations.  But 
another  fact  demands  our  consideration,  namely,  that  while  eiTatic 
blocks  occur  at  all  heights  below  the  u})per  limits  of  the  high 
angular  gravels  of  any  given  district,  yet  they  veiy  rarely  appear 
above  that  line.  The  exceptions  are,  such  blocks  as  might  have 
been  transported  by  the  old  ice-sheet  of  the  previous  period. 

Then,  again,  if  avc  in  imagination  depress  any  hilly  area  to  the 
highest  point  attained  by  its  angular  gravels  and  erratic  blocks, 
we  shall  find  that  it  is  only  in  those  valleys  which,  on  a  submer- 
gence to  this  extent,  would  become  connecting  straits  between 
comparatively  open  seas  where  marine  drifts  are  met  with,  and  in 
which  the  lower  boulder  clay  has  suftered  excessive  erosion.  In 
those  valleys,  on  the  other  hand,  which  upon  the  same  degree  of 
depression  would  assume  the  character  of  long  winding  fiords, 
marine  drift  is  cither  entirely  absent,  or  occurs  only  at  the  lower 
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end  of  the  valley,  while  the  lower  boulder  clay  still  lies  thick 
and  massy.  And  these  appearances  admit  of  simple  explanation ; 
for,  during  such  a  period  of  submergence  as  I  have  supposed, 
marine  currents  would  act  with  energy  only  on  exposed  sea-coasts 
or  along  the  course  of  channels  and  straits.  The  boulder  clay  of 
RQch  regions  would  thus  come  to  be  denuded,  and  kaims  of  gravel 
and  sand  to  be  heaped  up.  The  finer  deposits  would  gather  on  the 
quieter  and  deeper  portions  of  the  sea-bottom,  the  angular  and 
earthy  materials  would  collect  at  or  near  the  sea-margin.  That  we 
do  not  find  well-rolled  pebbles  at  the  upper  edge  of  the  marine 
drift  may  be  attributed  partly  to  the  presence  of  shore  ice,  partly 
to  the  constant  arrival  of  moraine  rubbish  brought  down  to  the 
sea-level  by  glaciers  and  avalanches.  As  it  recedes  from  the  old 
sea-line,  this  moraine  matter  begins  to  show  evidence  of  water- 
action  in  the  partial  rounding  of  the  stones,  and  the  heaping-up  of 
the  deposit  into  mounds  and  ridges,  whose  linear  dii-ection  usually 
coincides  with  the  trend  of  what  is  inferred  to  have  been  the  old 
sea-coast.  It  is  not  necessary,  however,  to  suppose  that  moraine 
stuff  gathered  along  e^ery  portion  of  the  coast,  but  only  in  those 
places  likely  to  be  visited  by  glacier  ice,  and  as  it  might  sometimes 
be  by  torrents  in  summer  time.  In  this  manner,  perhaps,  the 
absence  of  angular  gravel  from  the  upper  slopes  of  certain  kaim- 
bearing  valleys  may  be  accounted  for. 

In  the  deep,  still  fiords  only  the  feeblest  currents  moved,  and 
hence  it  is  that  we  find  no  kaims  in  those  valleys  w^hose  water- 
sheds or  summit-levels  exceed  the  upper  limits  reached  by  the 
marine  drift.  It  cannot  be  denied  that  the  denudation  which 
goes  on  in  a  fiord  is  quite  inadequate  to  produce  stratified  heaps 
of  well-roimded  pebbles.  The  debris  of  its  coasts  is  not  more 
water-worn  than  the  shingle  that  fringes  the  margin  of  a  confined 
inland  lake.  In  both  cases  the  shingle  has  been  derived  from  the 
land  more  by  the  action  of  the  atmospheric  forces  than  by  any 
power  of  the  sea. 

The  undenuded  aspect  of  the  boulder  clay  in  the  valleys  at 
present  referred  to  is  also  in  marked  keeping  \vith  the  absence  of 
marine  drift.  For  even  were  it  to  be  assumed  that  the  kaims 
were  once  present  and  have  been  since  removed  by  denudation,  it 
w^ould  still  be  requisite  to  show  how  the  boulder  clay  escaped 
denudation,  and  that  at  two  periods: — 1st,  during  the  formation 
of  the  marine  drift,  and  2nd,  during  the  time  of  its  supposed 
disappearance. 
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It  may  be  worth  while  to  notice  one  ohjection  to  the  probability 
of  my  inference  that  the  angular  gravels  mark  out  the  highest 
levels  washed  by  the  sea  during  the  glacial  period.  Some  may 
hold  that  if  we  have  here  an  actual  sea-coast  we  should  also  meet 
with  distinct  terraces  of  materials,  similar  in  general  appearance 
to  those  elevated  flats  of  shingle  and  sand,  or  raised  sea-beaches^ 
wliich  occur  so  abundantly  iu  our  maritime  districts,  Whoro, 
too,  they  may  ask,  are  the  notches  wliich  must  have  been  cut  in 
the  hill-sides  by  wave-action?  To  these  it  may  be  answered,  1st, 
that  a  thick  belt  of  coast  ice  in  all  probability  encircled  the  land, 
during  at  least  the  early  stages  of  the  marine  period,  thus  in  great 
measure  preventing  the  usual  tear  and  wear  of  the  waves;  and 
2ndly,  that  subsequent  atmospheric  waste  must  have  considerably 
modified,  and  often  entirely  demolished,  any  memorials  of  wave- 
action,  supposing  such  to  have  existed.  But  there  is  great 
(lifficnlty  in  accounting  for  the  unequal  manner  in  which  the  relics 
of  the  marine  period  have  been  preserved  How  ridges  and 
mounds  of  sand  and  gravel,  for  instance,  came  to  retain  so 
l)erfectly  their  peculiar  outline  during  the  re-elevation  of  the  land 
is,  to  say  the  least,  mysterious.  It  seems  likely,  however,  that 
the  deflection  of  currents  that  m\ist  necessarily  have  arisen  on  a 
gradual  upheaval  of  the  land  would  aid  in  their  preservation. 
For  straits,  in  which  gravel  and  sand  had  been  heaped  up,  would 
then  divide  into  quiet  fiords,  and  their  kaims  and  mounds,  thus 
removed  from  the  influence  of  currents,  might  escape  obliteration. 
It  is  also  not  improljable  that  these  may  have  received  still  further 
protection  from  the  presence  of  a  zone  of  coast  ice. 

There  are  many  other  points  of  interest  in  connection  with  the 
mode  of  occurrence  of  the  lower  boulder  clay  and  upper  marine 
drifts,  but  a  fuller  consideration  of  these  would  extend  this  paper 
to  too  great  a  length.  During  the  formation  of  the  upper  drifts, 
those  portions  of  the  land  which  still  kept  their  heads  above  water 
seem  to  have  been  covered  with  snow  and  ice ;  and  even  until  very 
much  later  dates,  when  a  process  of  upheaval  had  ensued  which 
greatly  increased  the  extent  of  the  land,  glaciers  would  appear  to 
Lave  filled  up  many  of  our  valleys,  ploughing  out  the  older  drifts,  and 
j)ushing  the  debris  down  to  the  sea-shore,  or  piling  it  up  in  mounds 
or  moraines  on  land,  while  a  kind  of  surface-wash  gathered  under- 

1  Since  this  paper  was  read  I  have  seen  several  very  fine  examples  of  high  level  terraces 
of  marine  drift,  which  I  shall  describe  at  length  in  a  forthcoming  Memoir  of  the 
Geological  Survey,  illustrative  of  parts  of  Ayrshire  and  Renfrewshire. 
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neatli  the  deep  snow  or  neve  on  the  hill-slopes.  Many  memorials 
of  the  former  presence  of  the  sea  at  high  levels  were  doubtless 
destroyed  at  this  time;  nevertheless,  as  I  have  endeavoured  to 
show,  enough  still  remains  to  indicate  the  probable  maximum  of 
submergence  attained  during  the  period  of  marine  drift  and 
floating  ice. 

Having  now  sketched  in  meagre  outline  those  phenomena 
connected  with  the  liistory  and  present  appearance  of  the  Drift 
Formation  whicli  must  claim  our  attention  before  we  can  hope  to 
form  an  adequate  conception  of  the  denudation  ex]^)erienced  in 
Scotland  since  glacial  times,  it  may  be  well  to  bring  into  promi- 
nent view  the  facts  that  will  best  aid  us  in  attaining  this  end, 
by  briefly  recapitulating  the  general  results  of  the  foregoing 
investigations. 

1st.  The  vast  bulk  of  the  lower  boulder  clay  was  accumulated 
over  the  surface  of  the  lowlands. 

2nd.  In  sand  and  gravel  regions  the  till  has  usually  sufiered 
much  erosion,  while  in  districts  where  the  upper  drifts  do 
not  occur,  it  has  commonly  a  much  less  denuded  aspect — often 
forming  well-marked  terraces  in  upland  valleys — and  in  straths 
sometimes  showing  parallel  mounds  or  ridges  which  not  unfre- 
quently  appear  to  be  original  inequalities  acquired  while  the  till 
was  in  course  of  formation  as  a  moraine  inofonde. 

3rd.  The  apparently  capricious  distribution  of  the  upper  drifts 
gives  us  an  index  to  the  probable  maximum  of  depression  attained 
in  these  regions  diu^ing  the  marine  period;  and  the  evidence 
furnished  by  the  position  of  the  angular  gravels  and  erratic  blocks 
agi'ees  with  the  independent  testimony  derived  from  the  occurrence 
of  the  kaims  in  certain  valleys  and  their  absence  from  others. 
Supposing  the  land  to  be  submerged  to  the  highest  levels  of  the 
angular  gravel,  it  will  be  observed  that  kaims  only  occur  in  such 
valleys  as  on  a  depression  to  this  extent  would  form  straits, 
channels,  or  comparatively  open  seas — that  it  is  precisely  in  the 
same  localities  where  the  till  has  been  excessively  eroded — wliile 
in  those  valleys  which,  under  like  conditions,  would  become 
long  narrow  fiords,  marine  drift  does  not  occur,  and  the  boulder 
clay  has  not  been  subjected  to  the  same  degree  of  denudation. 

4th.  The  later  drifts,  consisting  of  the  moraines  and  siu'face-wash 
of  our  mountainous  regions  are  proof  that  the  great  age  of  ice 
passed  only  gradually  away;   tha*-.,  after  the  re-elevation  of  the 
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lantl,  glaciers  continued  to  reacli  the  sea,  and  in  their  downward 
progi-ess  from  the  snowfields  scooped  out  the  loose  deposits  of  the 
earlier  period. 

After  this  brief  resum6  of  facts  connected  with  the  mode  of 
occurrence  of  the  drift  deposits  and  the  kind  of  erosion  to  which 
they  were  subjected  during  the  glacial  period  itself,  I  may  now 
proceed  to  examine  the  nature  and  degree  of  subaerial  waste 
experienced  since  the  close  of  the  great  age  of  ice. 

Every  geologist  is  familiar  with  the  glaciated  outline  of  the 
elevated  regions  of  our  country.  The  rounded  crags,  the  smoothed 
and  fluted  hill-sides,  and  the  finely  striated  rock  surfaces,  are 
characters  so  well  known  that  they  need  only  be  mentioned. 
When  it  is  said  that  these  are  to  be  met  with  everywhere 
throughout  the  country,  of  course  it  is  not  meant  that  every 
declivity  will  show  its  ice-mouldings,  every  crag  cxhilnt  a  rounded 
outline,  or  every  exposed  sui*f\xce  of  rock  pre  on t  a  series  of 
striations.  Such  must,  no  doubt,  have  been  the  case  when  the 
gTeat  ice-sheet  first  melted  away,  but  during  the  long  ages  which 
have  since  elapsed,  chemical  decomposition,  frost,  and  rain,  have 
succeeded  in  obliterating  many  traces  of  the  ancient  glaciers. 
Notwithstanding  all  this,  however,  the  memorials  of  the  fonner 
passage  of  a  vast  body  of  ice  are  so  abundant  that  we  camiot  but 
conclude  that  the  solid  rocks  of  our  mountains  have  sufiered 
comparatively  little  waste  since  that  covering  of  ice  disappeared. 
A  visitor  from  alpine  countries,  Avhere  perennial  snows  and 
glaciers  abound,  would  see  little  in  the  outlines  of  our  Scottish 
mountains  with  which  he  was  not  familiar.  The  finer  touches  of 
the  great  ice-chisel  would  oftentimes,  indeed,  be  wanting,  but  its 
broad  efiects  would  all  be  there,  reminding  one  who  wished  to 
be  fanciful  of  those  ancient  sculptures  from  which  the  hand  of 
time  has  efluced  the  delicate  finish  of  the  artist,  but  has  been 
powerless  to  destroy  his  design. 

The  roches  moutonnces  and  striiie  of  our  mountains  have  cer- 
tainly in  many  cases  never  been  protected  by  any  overl}dng  drift 
from  the  assaults  of  the  atmospheric  agents.  As  already  stated, 
we  have  grounds  for  believing  that  the  lower  boulder  clay 
gathered  chiefly  over  the  low  coimtiy,  and  the  marine  drift  has 
not  been  met  with  at  a  greater  height  than  1550  feet  above  the 
sea.  But  at  loftier  elevations  than  this  ice-markings  are  some- 
times  detected,  and  in  positions,  too,   where  they  cannot  have 
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received  much  protection  from  any  covering  of  vegetation.  Along 
stee]3  liill-slopes  also,  at  mucli  lower  levels,  we  meet  with  stride 
and  mouldings  again  and  again  which  appear  never  to  have  been 
buried  under  drift,  but  owe  their  presei'vation  sometimes  to  the 
position  of  the  rock-surfaces,  and  sometimes  to  the  hard,  tough 
character  of  the  stone.  When  turf  or  hill-peat  is  stripped  from  a 
liill-top  where  the  rock  comes  to  the  surface,  ice  stride  are  frequently 
obseiwed,  although  the  weather  may  have  eifaced  the  scratches 
from  adjacent  portions  of  the  same  rock  which  have  been  long 
exposed  to  its  influence.  In  some  districts,  again,  the  hill-tops, 
OAving  to  peculiarities  in  the  structiu'e  and  composition  of  their 
rocks,  have  lost  all  trace  of  the  original  ice-moulded  outline, 
and  have  once  more  broken  up  into  crags  and  peaks  —  the 
appearance  they  probably  presented  in  the  ages  preceding  the 
glacial  ej^och.  And  so,  ere  long,  must  every  mountain  of  our 
country  assume  its  0"wn  distinctive  aspect,  when  time  shall  have 
taken  away  tli;it  alien  character  which  was  graven  upon  it  by 
the  glaciers  of  old.  Here,  where  the  rocks  yield  freely  to  frosts 
and  rains,  we  find  the  process  well-nigh  completed — there,  a 
peculiar,  moulded  outline  still  testifies  to  the  former  presence  of 
ice,  although  stri^  have  long  disappeared  and  roches  moutonnees 
are  tumbling  into  ruin.  Here,  again,  the  rocks  have  resisted  the 
attacks  of  weathering,  and  the  rain-washed  surfaces  still  retain  the 
ice-marks  clear  and  distinct  as  those  in  the  glacier  valleys  of 
Norway  and  Switzerland. 

In  the  present  aspect  of  our  own  valleys  and  straths  we  can 
read  the  histoiy  of  the  glacial  period  with  as  little  difiiculty  as  we 
decipher  its  records  at  higher  levels,  but  here,  as  we  should  expect, 
the  evidences  of  subsequent  subaerial  waste  are  much  more  strik- 
ingly displayed,  for  the  rains  which  fall  upon  the  uplands,  after 
doing  their  w^ork  of  erosion  there,  seek  down  the  valleys,  and, 
gathering  strength  as  they  accumulate,  add  their  influence  to  that 
of  the  moisture  precipitated  at  lower  levels.  Everywhere  we  find 
that  streams  and  rivers  have  hewn  out  for  themselves  a  passage 
through  the  stifl*  till ;  some  valleys,  indeed,  have  been  in  this 
manner  almost  entirely  divested  of  their  boulder  clay,  only  a 
meagre  shelf  of  drift  having  been  left  here  and  there  along  the 
flanks  of  the  valley  to  serve  as  an  index  to  the  amount  of  material 
can-ied  away.  Nay,  so  vast  a  time  has  elapsed  since  the  last  great 
upheaval  of  the  land  that  the  rivers  have  in  many  cases  gone  right 
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down  through  the  till,  and  carved  for  themselves  deep  glens  in  the 
subjacent  rocks.  Did  space  permit,  numerous  examples  might  be 
given  of  streams  having  turned  aside  from  the  boulder  clay  which 
fills  up  the  old  pre-glacial  ravines  to  cut  out  new  channels  in  the 
rocky  strata;^  at  present,  however,  the  general  statement  must  suffice 
that,  considered  by  itself,  the  amount  of  denudation  since  glacial 
times  has  been  enormous,  but  when  we  come  to  estimate  what 
effect  tliis  erosion  has  had  in  modifying  the  general  features  of  the 
country  it  appears  to  be  scarcely  appreciable.  The  greatest  degree  of 
waste  experienced  by  the  boulder  clay  took  place  during  the  gi'owth 
of  the  marine  drift.  During  that  epoch,  waves  and  currents  often 
ploughed  out  the  till  in  the  narrow  straits  and  seas  to  a  large 
extent,  while  in  the  fiords  and  other  sheltered  regions  this  deposit 
escaped  the  same  degi-ee  of  erosion,  and  the  configuration  thus 
given  to  it  has  not  been  obliterated  by  the  atmospheric  forces, 
although  these  have  been  so  long  employed  in  its  reduction. 
The  present  aspect  of  the  boulder  clay  still  continues  to  testify  to 
the  reality  of  a  former  submergence  below  the  waves  of  the  sea;  in 
one  place  giving  evidence  of  former  fiords,  quiet,  and  undisturbed 
by  excessive  wave  and  current  action  as  the  ocean  valleys  of  Nor- 
way, or  our  own  western  Highlands,  in  another  place  telling  us  of 
vexed  waters  that  swept  the  frost-bound  coasts  of  arctic  islands. 
And  if  frosts  and  rains  and  rivers  have  been  unable  to  deprive 
the  till  of  the  general  aspect  it  assumed  on  the  re-elevation  of 
the  land,  they  have  been  just  as  powerless  to  ef!t\ce  the  external 
characters  of  the  uj^per  or  marine  di-ifts.  So  perfect  are  the  forms 
of  mounds  and  kaims  of  gravel  and  sand  that,  as  we  have  seen, 
they  are  capable  of  being  classified  by  reference  to  the  various 
kinds  of  bars  and  banks  of  analogous  materials  which  we  know  to 
be  gathering  on  the  bed  of  our  own  seas  at  the  present  time.  - 
And  yet,  just  as  we  must  admit  that  the  till  has  been  exten- 
siAX^ly  denuded  by  atmospheric  agents,  so  we  must  allow  that  the 
marine  drifts  have  also  undergone  no  inconsiderable  amount  of 
erosion.  From  some  valleys  they  have  well-nigh  vanished — 
in  others  the  kaims  have  been  obliterated  and  tlieii'  materials 


1  Some  examples  are  given  by  my  brother  in  his  paper  "  On  tlio  Glacial  Drift 
of  Scotland." — Trans.  Geol.  Soc.  Glasg.,  part  ii.,  p.  51. 

2  Doubtless  the  porona  character  of  the  upper  drifts  has  tended  to  presert'e 
the  original  aspect  of  mounds  and  kaims,  for  the  moistiu'c  which  would  sink 
into  sand  or  gi-avcl  without  materially  modifying  thcii'  configui'ation,  would  flow 
athwart  and  denude  the  surface  of  a  clay  deposit. 
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re-assorted  by  the  streams  and  rivers.  That  eskers  once  filled 
such  valleys  we  have  every  reason  to  believe;  for  above  the 
liighest  river  gi-avels,  and  at  heights  which  the  streams  have  been 
imable  to  reach,  we  frequently  meet  w^th  fringes  of  kaimiform 
drift,  the  lower  portions  of  which  gradually  merge  with  the  river 
gi-avels  in  such  a  way  as  to  show  that  the  eskers  and  mounds  once 
stretched  down  to  lower  levels,  and  may  even  have  filled  up  the 
valleys.  And  this  brings  me  to  remark  that  a  study  of  the 
valleys  in  which  kaims  have  been  thus  denuded  will  convince 
us  that  in  former  ages  our  rivers  must  have  gi'eatly  exceeded  in 
size  their  modern  representatives.^  The  position  of  some  of  the 
older  alluvia,  and  the  evidence  of  river-action  in  places  to  which 
streams  of  the  same  size  as  now  flow  in  the  valleys  could  never 
have  attained,  all  lead  to  this  inference.  And  it  seems  to  me 
extremely  probal^le  that  our  rivers  reached  this  greater  develop- 
ment during  tlie  age  of  forests,  when  Britain  formed  part  of 
the  continent. 

It  is  also  believed  that  at  this  period  glaciers  filled  some  of  our 
higher  valleys,  and  what  abundant  streams  of  water  w^ould  be 
supplied  from  such  sources  need  not  be  pointed  out.  In  some  of 
the  high-level  river  deposits  we  may  oftentimes  meet  with  large 
boulders  which  seem  to  have  been  ice-borne  to  their  present 
position.  And  the  testimony  derived  from  the  nature  of  the 
timber  dug  out  of  the  peat-mosses  is  quite  in  harmony  with  such 
an  explanation.  For  the  climate  that  nourished  the  large  pitch - 
trees  of  the  English  mosses  must  have  covered  our  rivers  wdth 
thick  ice  in  ^vinter.  While  this  excessive  climate  prevailed, 
atmospheric  waste,  no  doubt,  went  bravely  on ;  and  even  down  to 
much  later  days,  when  the  peat-mosses  were  increasing  and  the 
ancient  forests  decaying,  the  work  of  denudation  must  have 
proceeded  more  rapidly  than  now. 

And  to  become  convinced  that  all  these  long  ages  of  subaerial 
waste  have  brought  about  astonishing  results,  we  need  only  to 
examine  one  of  those  wonderful  ravines  which  have  been  hollowed 
out  in  the  solid  rocks  since  the  marine  drift  period.  One  of  the 
best  examples  with  which  I  am  familiar  is  that  of  the  gorge 
through  which  the  River  Doon  makes  its  way  after  escaping  from 
its  parent  lake.  Here  is  a  glen,  100  feet  in  depth,  hewn  out  of 
vertical  beds  of  hard  greywackes  and  shales  for  a  distance  of  about 

^  See  Mr.  A.  Geikio,  oj).  cif.,  p.  107. 
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t\vo-t]]irds  of  a  mile.  It  lies  in  no  fissure,  for  the  ])eds  may  easily 
be  traced  across  the  river-channel  in  unbroken  sequence.  It 
exhibits  no  strine  nor  ice-moulded  surface  along  its  flanks,  and  not 
an  atom  of  drift  is  to  be  found  at  the  bottom ;  but  every  knob  of 
rock  that  overhangs  the  ravine  is  a  roche  moiUonnee,  and  away 
from  the  edge  of  the  cliffs,  the  glacial  markings  and  groovings  are 
veiy  abundant  and  finely  preserved,  while  huge  erratics  of  granite 
and  amorplious  heaps  of  boulder  earth  cumber  the  surface  of  the 
surrounding  country.  In  the  excavation  of  this  glen  a  mass  of 
rock  equal  to  at  least  70,000,000  of  cubic  feet  has  been  removed 
bodily  by  the  stream  since  glacial  times;  and  this  is  only  one 
instance  among  many  more  of  a  like  kind  that  might  be  adduced. 

Now,  were  we  to  extend  such  observations  to  all  the  ravines 
and  valleys  which  have  either  been  deepened  or  excavated  within 
the  same  period,  and  were  we,  moreover,  to  consider  the  degree  of 
waste  upon  the  hill-slopes  and  undulating  groimds,  we  may  easily 
conceive  that  the  amount  of  subaerial  denudation  we  should  be 
compelled  to  admit,  must  be  something  prodigious.  I  shall  have 
failed  in  my  j^urpose,  however,  if  the  facts  relating  to  the  general 
glaciated  character  of  the  land,  and  to  the  mode  of  accumulation 
and  present  aspect  of  the  drift  deposits,  which  I  have  brought 
forward,  do  not  carry  the  conviction,  that  upon  the  whole  these 
deposits  still  retain  much  of  the  appeai^ance  they  presented  at  the 
close  of  the  marine  period  of  the  glacial  epoch — that  the  broad- 
backed  undulations  of  the  boulder  clay  are  not  always  tlie  result 
of  marine  and  atmospheric  waste,  but  are  probably,  oftener  than 
we  are  aware,  irregularities  produced  by  the  varying  pressure  and 
movements  of  the  old  ice-sheet — that  the  fairy  knowes  of  sand  and 
gravel  are  the  old  bars  and  banks  of  an  arctic  sea,  while  the 
high  level  angular  gravels  mark  out  its  coast  lines — that  the  long 
glens  which  wind  up  from  the  sumiy  lowlands  far  into  the  bosom 
of  the  silent  hills  were,  in  former  ages,  deep  sub-marine  hollows, 
like  our  own  Highland  sea-lochs  or  the  fiords  of  Norway;  and 
that  in  the  still  recesses  of  these  fiords  waves  and  currents  were 
])Owerless  to  effect  the  erosion  of  the  boulder  clay,  or  to  heap  up 
masses  of  sand  and  gravel.  Great  as  the  later  denudation  has 
been,  it  has  yet  fiiiled  to  destroy  or  even  to  materially  mutilate 
the  records  of  one  of  the  latest  changes  in  the  geological  history  of 
our  country. 

In  conclusion,  we  camiot  fail  to  he  impressed  with  one  con- 
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sideration,  wliicli  above  all  others  seems  to  stand  out  prominently 
after  a  review  of  sucli  matters  as  have  been  treated  of  in  this 
paper,  and  that  is,  the  enormous  time  required  to  produce  the 
broader  effects  of  denudation.  How  many  long  ages  have  rolled 
away  since  these  islands  rose  above  the  level  of  the  arctic  sea  in 
which  our  marine  deposits  were  amassed,  and  yet  during  all  that 
time  how  comparatively  little  change  has  come  upon  them  at 
the  instance  of  the  atmospheric  forces.  Tlie  hills  and  valleys  of 
our  native  country  are  the  same  hills  and  valleys  which  lay 
bui'ied  underneath  the  great  ice-sheet.  Even  the  grinding 
powers  of  the  ancient  glaciers  themselves  had  little  influence  in 
materially  modifying  the  general  configuration  of  the  land.  The 
digging-out  of  our  valleys  and  the  shaping  of  our  mountains  was 
a  work  begun  in  very  early  geological  times,  and  had  been  well- 
nigh  completed  to  its  present  state  before  the  advent  of  the  glacial 
epoch.  And  if  the  records  of  this  old  arctic  condition — the  deli- 
cate ice-markings  on  the  rocks,  the  loose  incoherent  deposits  on 
the  hill -slopes  and  plains  still  remain  so  perfect,  notwithstand- 
ing the  ceaseless  activity  of  the  denuding  agents — if  the  mere 
covering,  or  skin,  as  it  were,  and  surface-markings  of  the  land  are 
still  so  largely  retained,  what  shall  we  say  to  the  time  required 
for  the  growth  of  that  covering  itself,  and  for  the  production  of 
those  strange  ice-markings  and  flutings?  And  how,  above  all,  can 
we  even  apprehend,  for  comprehend  we  cannot,  that  truly  tremen- 
dous lapse  of  time,  during  which  the  solid  land  was  gi'adually 
sculptured  into  hill  and  dale  by  the  rains  and  frosts  and  rivers  of 
the  past. 


VI. — Or  the  Order  of  Succession  cunong  the  Silurian  Eocks  of 
Scotland.  By  Archibald  Geikie,  Esq.,  F.E.S.,  F.G.S., 
Dii'cctor  of  the  Geological  Survey  of  Scotland. 

(Read  November  7,  1867.) 

Scotland  may  be  roughly  divided  into  three  geological  bands — 
1st,  A  northern  area  including  the  Highlands  and  Islands;  2nd, 
The  broad  belt  of  the  Lowlands,  embracing  the  low^er  portions  of  the 
basins  of  the  Tay,  Forth,  and  Clyde;  and  3rd,  The  high  pastoral 
uplands  and  rich  agi-icultural  valleys  that  lie  between  the  Central 
Lowlands  and  the  English  Border.  Of  these  bands  the  first  and 
the  third  are  composed  in  great  measure  of  rocks  of  Lower  Silurian 
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age,  while  the  second  is  occupied  cliieliy  by  the  Ukl  Red  Sandstone 
and  Carboniferous  series,  the  Sihirian  rocks  may  thus  be  regarded 
as  forming  the  general  framework  of  the  country.  They  spread 
over  the  southern  uplands,  and  then  sinking  under  the  central 
valley  of  the  lowlands,  rise  up  on  the  farther  side  in  a  metamor- 
phosed form,  stretching  far  and  wide  as  the  gneisses,  schists, 
limestones,  and  quai-tz-rocks  of  the  Highlands.  It  is  of  course  in 
the  unmetamorphosed  or  southern  belt  tliat  the  order  of  succession 
among  the  Scottish  Silurian  rocks  must  first  be  studied. 

I.— LOWER  SILURIAN  REGION  OF  THE  SOUTH  OF 
SCOTLAND. 

Osving  to  the  contoi-tcd  and  broken  state  of  the  rocks  composing 
the  Lower  Silurian  belt  of  the  South  of  Scotland,  it  is  by  no  means 
an  easy  task  to  reduce  them  to  a  satisfactory  order  of  succession. 
They  have  been  thro^vn  into  endless  plications  and  contortions ;  it 
is  chiefly  the  edges  of  their  vertical  or  highly  inclined  strata  which 
are  seen  cropping  up  in  the  channels  of  streams  or  on  bare  hillsides, 
and  so  great  has  been  theii*  distiu'bance  that,  even  after  travei'sing 
a  long  and  wx'll  exposed  cliff  section  of  these  beds,  we  may  be 
puzzled  to  decide  whether  we  have  been  advancing  to  higher  or  to 
lower  parts  of  the  series.^ 

The  labours  of  Murchison,  Sedg^^dck,  Harkncss,  and  Nicol  have 
shown  that,  viewed  on  the  great  scale,  the  Silurian  belt  may  be 
regarded  as  a  long  arch,  of  which  the  centre  running  parallel  with 
the  length  of  the  chain,  is  composed  of  the  lowest  and  oldest  strata, 
while  the  outer  portions  consist  of  higher  members  of  the  series 
dripping  away  from  the  central  axis  towards  the  margin  of  the 
belt.  This  axis,  running  in  a  N.E.  and  S.W.  dii-ection,  crosses 
the  valley  of  the  Annan  a  little  south  of  Beattock.  If  from  its 
line  we  proceed  across  the  chain  towards  the  noi-th  we  shall  find 
ourselves  eventually  among  the  upper  Silurian  shales  of  Lesmaha- 
gow  and  the  Pentlands ;  if  we  advance  southwards  we  reach  the 
upper  Silurian  rocks  of  the  south  of  Kii-kcudbright.  It  is  evident, 
therefore,  that  whether  or  not  any  detailed  order  of  sequence  is  to 
be  made  out  in  the  chain,  its  central  portions  must  dip  below^  those 
which  lie  towards  the  margin.     But  though  this  stnictiu'e  is  theo- 

^  See  Mem.  Gcol.  Survey.     GeoL  East  Ber.,  chap,  ii.,  and  Gcol.  East  Lothian, 
Lcthian,  chap.  ii. 
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retically  true,  it  cannot  at  present  be  satisfactorily  made  out  in  all 
parts  of  the  cliain,  owing  to  the  broken  and  contorted  state  of 
the  rocks,  nor  can  avc  hope  that  much  more  precise  information 
\n]l  be  obtained  until  these  tracts  come  to  be  mapj)ed  out  in  detail. 
•  The  Lower  Silurian  strata  of  these  southern  counties  are  thus 
marked  by  a  great  sameness  of  lithological  character,  and  the 
sub  divisions  which  have  been  made  among  them  are  thus  still 
confessedly  vague  and  generalised.  The  following  table  presents 
w^hat  seems  to  be  the  order  of  successiou,  so  far  as  at  present 
ascertained : — 


Lower  Llaxdovery 

EOCKS. 


CO    o 

g§ 

a  o 

O   H 

o 
a 
< 


r7. 

6. 

5. 
■{4. 

3. 


Fossiliferous  sandstones,  shales,  and  flagstones, 
with  bands  of  conglomerate.  Some  of  the  fos- 
sils are  of  Upper  Silurian  types  (Girvan). 

Dark  flaggy  shales,  sandstones,  limestones,  hard 
flagstones,  and  conglomerates,  with  Caradoc 
fossils  (south  and  east  of  Girvan). 

Alternations  of  hard  blue  or  grey  greywacke 
and  shale,  forming  a  thick  mass  of  strata 
(northern  margin  of  Silurian  chain  from  Ayr- 
shire to  the  Moorfoots). 

Limestone  band  (Valley  of  Tweeddale,  at  Wrae, 
Glencotho,  Drummelzier,  Winkstone). 

Thick  beds  of  grit  and  shale,  with  graptolites 
(Caledonian  Railway  cutting  and  high  grounds 
of  Peebles  and  Selkirk  by  Hartfell,  Broad- 
Law,  and  Innerleithen). 

Greywacke  and  shales,  with  courses  of  dark 
carbonaceous  schist  (neighbourhood  of  MoS'at). 

Alternations  of  greywacke  and  shale,  often  of 
purple  tints,  especially  towards  the  bottom 
(Glenkiln,  Kirkmichael  in  Dumfriesshire,  &c. ) 

Purple  and  dull  red  grits  and  greywacke  (Dryfe 
Water,  Eskdale  JNluir,  &c). 


Llandeilo  and  Caradoc  PtOCKS. 

Nearly  the  whole  of  the  Lower  Silurian  rocks  of  Scotland  come 
under  the  divisions  of  the  Caradoc  and  Llandeilo  beds,  l)ut  much 
careful  and  detailed  work  is  needed  before  these  formations  can  be 
separated  out  and  traced  across  the  country.  In  Ayrshire  we 
have  undoubtedly  the  upper  part  of  the  Caradoc  or  Bala  series, 
while  in  Dumfriesshire  the  Llandeilo  Flags  are  represented,  if, 
indeed,  some  of  the  shales  of  that  region  do  not  mark  the  place  of 
the  Lingula  Flags.  With  the  exce2:)tion  of  a  comparatively  small 
area  in  Ayrshire,  where  the  Llandovery  rocks  appear,  and  other 
districts  in  Kirkcudbright,  Lanarkshire,  Ayi'shire,  Peebleshire,  and 
Midlothian,  where  Ludlow  and  Wcnlock  rocks  have  been  identi- 
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fied,  the  whole  of  the  Silurian  uplands  of  the  South  of  Scotland 
consist  of  hard  gi'ey  grits,  greywacke,  sometimes  conglomeratic  or 
brecciated,  blue,  red,  or  olive  shales,  dark  schists,  and  occasional, 
but  rare  and  inconstant,  bands  of  limestone.  These  strata,  until 
more  detailed  palieontological  data  have  been  obtained  from  them, 
will  be  best  treated  as  a  great  group  representing  the  Caradoc 
and  Llandeilo  rocks  of  Wales. 

Various  estimates  have  been  made  of  the  total  tliickness  of  this 
series,  but  they  are  little  more  than  guesses.  The  beds  are  so 
folded  upon  each  other  that  without  a  complete  and  continuous 
section  a  satisfactory  computation  of  their  depth  is  hardly  possible. 
Even  on  the  coast,  where  bed  after  bed  is  laid  bare  for  miles  in 
ranges  of  lofty  cliffs,  it  is  a  matter  of  no  little  difficulty  to  follow 
the  never-ending  plications.  In  the  meantime,  the  safest  expression 
of  the  tliickness  of  this  great  group  of  strata  is  a  vague  statement 
that  it  must  amount  to  many  thousand  feet. 

Arranged  in  ascending  order,  the  subdivisions  are  found  to  be 
composed  as  follows: — 

1.  Bed  and  Purple  Grits. — The  base  of  the  Silurian  series  is 
nowhere  reached  in  the  South  of  Scotland.  The  lowest  visible 
beds  consist  of  hard  purple  and  red  grits,  hitherto  barren  of  fossils, 
and  comparable  to  the  "  bottom  rocks"  of  the  Longmynd.  They 
are  exposed  along  the  line  of  the  anticlinal  axis  from  the  Tinwald 
hills  a  little  to  the  north-east  of  Dumfries  by  Nethercleuch,  the 
Dryfe  Water,  Eskdale  Muir,  the  Borthwick  Water,  and  thence 
down  the  vale^  of  the  Teviot.  At  either  end  of  this  line  the 
further  extension  of  the  axial  beds  is  obscured  on  the  west  side  by 
the  broken  and  metamorphosed  character  of  the  Silurian  tracts  of 
Kirkcudbright,  and  on  the  east  side  by  the  unconformable  overlap 
of  the  upper  Old  Red  Sandstone  of  the  basin  of  the  Tweed.  Nor, 
so  far  as  yet  known,  do  we  again  meet  with  these  lower  strata 
among  all  the  folds  and  plications  which  repeat  the  succeeding 
members  of  the  series  in  endless  curves  both  on  the  north  and  south 
side  of  the  axis. 

2.  The  strata  which  overlie  these  lowest  gi*its  on  both  sides  of 
the  axis,  according  to  Professor  Harkness,  consist  of  thin-bedded 
greywacke  and  sandstones,  ha\'ing  grey  and  purplish-red  shales  inter- 
stratified  with  them.     Such  shales  occur,  he  says,  much  less  abun- 

"^See  Murcliison,  "Siluria,"  4th  edition,  p.  150— Harkness,  Quart.  Joiu\  Gcol. 
Boc,  vol.  xii.  2.'^8. 
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dantly  in  liiglier  parts  of  tlie  series,  whence  tliey  may  be  taken  as  an 
index  of  a  comparatively  low  zone.  The  same  observer  has  detected 
some  interesting  proofs  of  the  shallowness  of  the  water  in  which 
these  ancient  strata  were  deposited.  On  the  south  side  of  the  axis 
at  Binks,  about  three  miles  N.E.  from  Mosspaul  Inn,  in  Rox- 
burghshire, he  found  the  thinly-bedded  alternation  of  sandstone 
and  shale  well  exhibited.  Some  of  the  sandstone  surfaces  are 
covered  with  ripple-marks,  and  the  fine  shales  are  occasionally 
marked  with  distinct  traces  of  cracks  such  as  are  produced  by  the 
drying  of  fine  mud  on  the  beach  between  the  ebb  and  flow  of  the 
tide.  Moreover,  some  of  the  beds  are  marked  with  the  trail  of 
marine  worms,  and  one  instance  occurred  of  the  track  of  what 
seems  to  have  been  a  shrimp-like  crustacean.  In  strata  occupying 
a  similar  geological  horizon  at  Upper  Cleugh  Burn  in  the  parish 
of  Applegarth,  Protovirgularia  has  been  found  along  Avitli  some 
indistinct  branching  bodies,  somewhat  like  certain  forms  of  grap- 
tolite.  At  Dalton  Rocks,  Dumfriesshire,  imperfectly  preserved 
graptolites  occur  in  a  shaley  band  iatercalated  with  rippled  grey- 
wacke  sandstone.^ 

These  fossils  are,  with  the  exception,  perhaps,  of  those  from 
Sutherland,  to  be  afterwards  referred  to,  the  oldest  which  the  rocks 
of  Scotland  have  yet  furnished.  They  are  of  a  humble  grade 
of  life,  and,  taken  together  with  the  physical  character  of  the 
strata  among  which  they  lie,  they  point  to  old  Silurian  shores  that 
once  stretched  across  the  site  of  the  Dumfriesshire  hills,  and  were 
laid  bare  to  the  sun  in  wide  muddy  flats  at  every  ebb  of  the  tide. 

3.  Overlying  the  last  group  of  beds  there  occurs  in  Dumfries- 
shire a  set  of  greywaches  and  shales,  of  which  the  distinguishing 
feature  is  the  presence  of  courses  of  black  shale,  pyritous  alv/in-slate, 
and  a  hind  of  anthracitic  or  carho7iaceous  schist.  These  strata  have 
not  been  seen  on  the  south-east  side  of  the  axis,  but  on  the  noHh- 
west  side  they  appear  to  be  brought  up  several  times  to  the  surface 
by  parallel  folds;  one  of  their  bands  has  been  traced  by  Professor 
Harkness  from  Wind  Fell,  at  the  source  of  the  Ettrick,  in  a  south- 
easterly direction  across  the  Bell  Craig  Burn,  which  joins  the 
Annan  a  little  below  Beattock.  The  same  black  shales  are  pro- 
longed by  Rae  hills ;  and  are  found  in  Glenkiln,  above  the  Manse 
of  Kirkmichael.  Another  band  runs  from  Dobs'  Linn,  at  the  head 
of  the  Moffat  Water,  do^vn  the  north-west  side  of  the  valley,  and 
1  See  Harkness,  op.  at. 
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across  the  Frencliland  Burn,  near  Moffat,  to  Garpool  Linns,  about 
a  mile  north  from  Beattock.  A  tliird  rims  past  the  mineral  s[)ring 
at  the  head  of  Annandale,  and,  skirting  the  south-western  base  of 
Hartfell,  crosses  the  ridge  into  the  Valley  of  the  Eyan,  where  it 
is  seen  at  E-ittenside,  and  also  in  the  railway  cuttings  at  Greskin.^ 
These  bands  may  eventually  be  traced  over  a  wide  area  nmning  in 
parallel  lines  in  a  north-easterly  and  south-westerly  direction. 
Professor  Harkness  slates  that  he  has  followed  them  through  the 
greater  part  of  Selkirk  to  the  neighbourhood  of  Galasliiols.^ 
Several  years  ago  I  found  shales  of  the  same  description  charged 
with  Diiylofjrapsus  2)ristis  in  the  Headshaw  Burn,  at  the  head  of 
Lauderdale,  where  the  range  of  the  Lammermuirs  begins  to  merge 
into  that  of  the  INIoorfoots,  and  since  then  they  have  been  traced 
through  the  hills  of  Twcedsmuir  by  my  friend  Dr.  Young.  Tlie 
shales  are  of  a  dark  colour,  and  usually  a  soft  texture ;  sometimes 
they  are  well  bedded,  and  contain  courses  of  very  hard  flinty 
greyAvacke;  in  most  places  they  are  shattery,  slickensided,  and 
intersected  with  endless  veinings  of  quartz.  In  some  instances, 
as  at  the  foot  of  Hartfell,  they  contain  beds  of  alum-shale,  on  the 
surface  of  which  the  alum  weathers  out  as  a  white  or  yellowish 
efilorescence.^  Iron  pyrites  is  a  common  mineral  in  them,  some- 
times in  pisiform  concretions,  and  occasionally  replacing  the 
original  substance  of  the  organic  remains.  In  some  portions  of  the 
same  strata,  also,  "small  nests  of  a  black,  carbonaceous  matter, 
resembling  soot,  are  frequent." — (Harkness.) 

Interstratified  with  these  dark  argillaceous  strata  are  courses  of 
anthracitic  shale  and  schist.  The  crumbling  nature  of  many  of  the 
beds,  their  dark  colour,  and  the  undoubted  presence  of  carbonace- 
ous matter  have  often  suggested  the  existence  of  coal  in  the  tracks 
where  these  rocks  occur,  and  instances  are  on  record  of  borinfrs 
there  for  that  mineral.  It  is  needless  to  say  that  every  such 
attempt  proved  unsuccessful.  According  to  an  analysis  by  Dr. 
Blyth  of  Queen's  College,  Cork,  the  anthracitic  schists  consist  of — 

Water, 1-05 

Carbon, 5 '05 

Ashes, 93'90 

100-00 

1  Harkness. — Quart.  Jour.  Geo!.  Soc,  vol.  vii.,  p.  46. 
2  Quart.  Jour.  Geol.  Soc,  vol.  A-iii.,  p.  395. 
"^Professor  Jameson  mentions  the  occurrence  of  crystals,  of  "  natural  iron 
ntriol,"  on  the  surface  of  these  alum-boaring  beds. — Geol.  of  Dumfries,  p.  27. 
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The  ashes  were  composed  of  nearly  97  per  cent,  of  pure  silica,  go 
that  the  schists  are  little  else  than  mere  hardened  beds  of  fine 
sand,  through  which  a  small  proportion  of  carbonaceous  matter 
has  been  diffused,  jDrobably  from  the  remains  of  sea-weeds.  The 
anthracitic  beds,  like  the  rest  of  the  dark  shales  among  which  they 
occur,  are  frequently  contorted  and  shattered,  insomuch  that  the 
stratification  becomes  obscure.  They  abound  in  interlacing  veins 
of  quartz  and  in  pyritous  stains.^ 

The  fossils  of  this  group  of  strata  consist  principally  of  grapto- 
lites.  In  the  more  anthracitic  shales  of  Glenkiln,  about  nine  miles 
north  from  Dumfries,  they  occur  in  abundance,  and  consist  of 
Graptolithus  Sagittarius,  G.  Sedgioichii,  Liplograpsus  pristis,  B. 
ramosus^  D.  onucronatus,  D.  hicornis,  D.  folium,  D.  teretiusculus, 
Didymograpsus  sextans,  Rastrites  p>eregrinus^  R.  Barrandi.  In 
the  Frenchland  Burn,  Bell  Craig  Burn,  and  other  streams  in  the 
neighbourhood  of  Mofifat  there  are  found,  in  addition  to  some  of 
those  just  quoted.  Graptolitlms  lohiferus,  G.  tenuis,  Diplograpsus 
rectangularis,  B.  foliaceus,  Protovirgularia  dichotoma.  The  only 
shell  yet  found  is  a  little  brachioj^od  Siphonotreta  micida,  which 
occurs  along  with  the  graptolites  in  a  black  shale  in  the  Glenkiln 
Bui'n.  Fragments  of  phyllopodous  crustaceans  have  been  met 
mth  at  Dufi"  Kinnell,  near  Bae  Hills,  Dumfriesshire,  and  in  the 
Moflfat  shales.  Although  it  can  hardly  be  doubted  that  the  carbon- 
aceous colouring  material  of  these  dark  shales  and  schists  is  of 
vegetable  origin,  it  is  singular  that  hitherto  distinct  traces  of 
vegetable  forms  in  these  strata  have  been  almost  entirely  absent.  "^ 
Professor  Harkness  searched  in  vain  for  any  microscopic  structure 
either  in  the  pulverised  dust  of  the  anthracite  or  in  its  ash.  Pro- 
fessor Nicol,  however,  detected  some  minute  vascular  structure  in 
the  ash  of  these  carbonaceous  beds,  suggestive  of  the  existence  of 
some  grassy  vegetation  on  the  adjacent  land,  or  of  Zostera-like 
plants  in  the  sea  of  the  Lower  Silurian  period.  ^  Professor  Harkness 
has  further  noticed  one  instance  of  what  Mr.  Salter  believed  to 
be  a  fucoid  in  the  black  shales  overlying  the  anthracite  schists.'* 

1  >S'ee  Harkness. — Quart.  Jour.  Geol.  Soc,  vol.  vii.  46;  xi.  468. 
2 "Woodward. — Geol.  Mag..l8G5,  p.  431.     Quart.  Jour.  Geol.  Soc,  xxii.,  p.  503; 
plate  XXV.,  figs.  4-7.     The  species  are  Discinocaris  Browniana,  Peltocaris  Harknessi, 
p.  aptychoides. 

3  Murchison,  Siluria,  p.  152. 
4  Quart.   Jour.  Geol.  Soc.    xi.,   p.    470.      For  lists  of    fossils,  see  Sedgwick. 
Edin.  New  Phil.  Jour.,  li.,    p.  257-      M'Coy  in  Sedgwick's  Palreozoic   Fossils. 
Murchison. — Quart.  Joui-.  Geol.  Soc,  vii.,  ]).  159.     SUuria,  p.  WJ  et  seq.     Hark- 
ness.— Quart.  .Jour.  Geol.  Soc,  vii.,  p.  58  ;  xi.,  p.  4G8. 
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It  is  from  this  group  of  strata  that  the  wells  of  Moffat  issue,  so 
well  known  for  their  medicinal  virtues. 

4.  The  anthracitic  series  of  strata  is  succeeded  by  a  group  of 
greywacke  and  shales.  These  rocks  occur  partly  in  thick  courses 
and  partly  in  rapid  intercalations  with  each  other,  as  may  be  seen 
in  the  cuttings  of  the  Caledonian  Railway  in  the  vaiiey  of  the 
Eyan,  between  the  summit  and  the  Beattock  Station.  They  are 
there  inclined  to  the  north-west  at  high  angles,  and  appear  to 
overlie  the  anthracitic  beds  seen  at  Greskin.  Such  an  apparent 
upward  succession,  however,  may  often  be  deceptive.  Between 
the  prolongation  of  the  strike  of  the  anthracitic  beds  at  the  head 
of  Moffatdale,  and  of  the  Wrae  limestone  in  the  Tweed  Valley, 
there  must  be  many  archings  of  the  strata,  and  the  same  beds  can 
hardly  fail  to  come  more  than  once  up  to  the  surface.  Still,  one 
cannot  cross  the  section  in  the  railway  cuttings  or  traverse  the 
valleys  between  the  line  of  the  Wrae  limestone  and  that  of  the  Dobs' 
Linn  anthi-acite  bands,  without  surmising  that  on  the  whole  there 
is  an  ascending  section  to  the  north-west,  and  hence  that  there 
must  lie  a  group  of  thick  beds  of  greywacke  and  shale  between  the 
anthracitic  series  and  the  limestone.  This  group  occurs  in  the 
highest  hills  of  Dumfries  and  Peebles,  including  Hart  Fell,  White 
Coomb,  Loch  Craig,  Broad  Law,  and  the  chain  of  heights  that 
forms  the  water-shed  between  the  Tweed  and  the  Yarrow.  The 
grey^vackes  are  of  the  ordinary  hard  blue  or  grey  aspect,  divided 
into  beds  of  a  foot  or  two  in  thickness,  and  traversed  by  innumer- 
able joints.  They  sometimes  occur  in  zones  several  hundred  feet 
thick,  without  shale,  or  with  merely  a  thin  seam  here  and  there. 
Such  massive  bands  of  grit  form  prominent  crags  and  picturesque 
scars  among  the  upper  parts  of  these  mountains,  as  on  the  flanks 
of  Loch  Craig,  and  in  the  higher  parts  of  the  Talla  Valley.  The 
shales  also  occur  in  the  same  way  in  tolerably  thick  courses ;  some- 
times of  a  dark  glossy  aspect,  and  hard  splintery  texture;  sometimes 
soft,  shivery,  pale-grey,  or  olive-coloured,  like  the  laminated 
mudstones  of  the  upper  Silurian  series  of  the  Pentland  hills.  But 
considerable  spaces  are  occupied  by  alternations  of  grit  and  shale 
in  thin  bands. 

The  Grieston  and  Thornielee  shales  probably  belong  to  this 
series.  In  the  quarries  at  the  former  locality  Graptolithus  priodon, 
G.  Sagittarius^  and  G.  Griestonensis  (Nicol)  occui'.  To  the  north- 
east along  the  line  of  the  strike  of  these  strata  similar  beds  are 
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found  in  the  streams  of  tlie  Lammermuirs,  as  in  the  Dye  Water 
above  Longformacus,  in  the  Whiteadder  at  Ellemford,  and  on  the 
coast  at  Siccar  Point.  At  the  latter  locality  GraptoUthus  priodon 
occurs  along  with  a  wide  and  a  narrow  species  of  Hemertites. 
Tracks  of  Crustacea  and  of  annelides  are  beautifully  preserved  on 
the  surfaces  of  the  shales  in  the  Dye  Water  and  at  Ellemford, 
where  also  the  wide-spread  GraptoUthus  priodon  occurs.^ 

Professor  Harkness  has  described  some  interesting  organic  re- 
mains from  sandstones  and  flaggy  beds  at  Barlae,  seven  miles  north 
of  New  Galloway.  He  classes  these  strata  as,  probably,  on  the 
same  horizon  with  the  Grieston  shales,  though  the  distance  between 
the  localities  and  the  obscurity  of  much  of  the  intervening  ground 
makes  this,  as  well  as  most  of  the  other  identifications  of  strata  in 
these  Silurian  regions,  only  conjectural.  He  obtained  tracks  of  at 
least  two  annelides,  Crossojyodia  Scotica,  and  Kereites  multi/oris. 
Along  with  these  surface  markings  were  others  referred  to  two 
new  species  of  the  genus  Chondrites,  also  Palceochorda  majoVy  P. 
teres,  and  a  n- v,"  genus  named  by  him  Trichoides} 

5.  Wrae  Limestoyie. — The  occurrence  of  calcareous  beds  is 
singularly  rare  throughout  the  Silurian  tracts  of  the  South  of  Scot- 
land. For  fully  half  a  century  the  limestone  now  to  be  described 
was  the  only  one  known  in  the  "  transition"  rocks,  and,  with  the 
exception  of  those  in  the  neighbourhood  of  Girvan,  it  still  stands 
alone.  It  Avas  known  to  Hutton  long  before  the  publication  of  his 
"Theory,"  but  no  fossils  had  been  found  in  it  until  the  summer  of 
1792,  when  Sir  James  Hall,  riding  southwards  to  Moffat,  turned 
off  the  road  to  the  Wrae  Quarry,  and  made  the  first  discovery  of 
Silurian  fossils  in  Scotland.  Next  day  he  sent  an  account  of  the 
event  to  his  friend  Hutton,  along  with  specimens  of  the  rock, 
containing  "  forms  of  cockles  quite  distinct  and  in  great  abun- 
dance." ^  More  than  fifty  years  elapsed,  however,  before  any 
geolocjist  set-  himself  to  see  what  these  "distinct  forms  of  cockles" 
really  were,  and  how  far  they  might  tend  to  throw  light  on  the 
geological  beds  in  which  they  occur. 


i/S'ee  Geology  of  Eastern  Berwickshii-e,  Memoirs  of  Geological  Survey,  1863, 
Appendix,  p.  57,  and  Geology  of  East  Lothian,  Memoirs  of  Geological  Survey, 
1866,  p.  70-71. 

2  Quart.  Joiir.  Geol.  Soc,  xi.,  p.  473.  In  the  list  of  Silurian  fossils  appended 
to  Siluria,  4th  edit.,  one  of  the  two  species  of  Chondrites  mentioned  above  is 
placed  among  the  annelides,  the  other  among  the  plants. 

3  Hall  in  Button's  Theory  of  the  Earth,  vol.  i.,  p.  336. 
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This  limestone  is  found  on  tlie  left  bank  of  tlie  Tweed,  on  the 
side  of  Wrae  liill,  between  tlie  village  of  Broiigliton  and  tlie  Crook 
Inn.  It  has  been  quarried  also  on  the  opposite  side  of  the  river, 
near  the  farm  of  Drumelzier.  Probably  the  same  bed  occurs  in 
Glencotlio,  on  the  Holmes  Water,  about  three  miles  to  the  south- 
west of  Wrae.^  North-eastwards,  down  the  Tweed  Valley,  indi- 
cations of  its  presence,  in  the  form  of  faint  calcareous  bands,  are  said 
by  Professor  Sedgwick  to  appear  on  the  hills  above  Stobo  House.^ 
Similar  evidence  occurs  also  at  Winkstone,  in  the  valley  of  the 
Eddlestone  Water,  about  two  miles  nortli  of  Peebles,  beyond  which 
it  has  not  been  seen  in  a  north-easterly  direction.  These  localities 
lie  all  along  the  strike  of  the  bed,  which  nearly  corresponds  here 
with  the  trend  of  the  Tweed  Valley.  Continuing  the  same  line 
towards  the  south-west  a  calcareous  conglomerate  is  exposed  near 
Elvanfoot,  which  is  placed  on  the  same  horizon  with  the  Wrae 
limestone  by  Professors  Nicol  and  Harkness.^  About  two  miles 
to  the  north-west  of  this  line  at  Mitchelhill,  near  Kilbucho,  and 
in  the  valley  of  the  Eddlestone  Water,  about  two  miles  above 
Winkstone,  a  calcareous  zone  is  traceable  parallel  to  the  Wrae 
band  of  which,  indeed,  it  is  probably  a  repetition  along  another  of 
the  long  folds  into  which  the  Silurian  strata  are  thrown.*  Some 
beautiful  internal  casts  of  different  Bracliiopoda  have  been  found 
at  the  Kilbucho  locality  by  Dr.  Young. 

The  limestone,  as  exposed  in  the  old  quarries  of  Wrae,  is  almost 
vertical,  but  has  a  slight  north-westerly  inclination.  Its  strike 
thus  runs  obliquely  into  the  hill,  and  the  rock  has  been  mined  like 
a  perpendicular  vein.  The  stone  is  very  hard,  compact,  and  crys- 
talline, of  a  bluish  grey  colour,  but  inconstant  both  in  texture  and 
thickness.  Its  dimensions  cannot  at  present  be  ascertained,  but  it 
is  said  to  vary  from  ten  or  twelve  up  to  twenty  or  even  thii'ty  feet.  ^ 
It  occurs  in  irregular  lenticular  nodules  and  masses,  sometimes  of 
considerable  size,  embedded  in  shale.  It  is  associated  with  a  cimous 
breccia  consistmg  of  anj^ular  fragments  of  shale  and  nodiQes  of 


1  This  district  has  been  mapped  by  Dr.  Young  in  the  progress  of  the  geological 
survey,  and  the  detailed  account  of  it  will  appear  in  the  official  Memoirs. 
^  Edin.  New  Phil.  Jour.,  vol,  li.,  p.  252. 
^Mcol. — Quart.  Jour.  Geol.  Soc,  vii.,  p.  160.     Harkness,  viii.,  p.  394.    Mur- 
chison  Siluria,  4th  edit.,  p.  154. 

1  Ascertained  by  Dr.  Young. 
^See  Sedgwick.— Edin.  iNew  Phil.  Jour.,  li.,p.  252.   Nicol.— Quart.  Jour.  Geol. 
Soc,  iv.,  p.  204. 
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encrinal  limestone,  with  pebbles  of  wbite  quartz  in  a  matrix  of 
liard  gTeywacke.  This  is  iuterstratified  with  bands  of  shale  and 
hard  quartzose  greywacke.  It  is  worthy  of  notice  that  here,  in 
both  the  okl  quarries,  and  also  in  a  recent  excavation  at  Glencotho, 
the  calcareous  beds  are  traversed  by  a  vein  or  dyke  of  felspathic 
rock.  This  rock  is  of  course  intrusive  and  independent  at  each  of 
these  localities.  ^ 

The  "forms  of  cockles"  which  attracted  the  notice  of  Hall 
towards  the  close  of  last  century  have  been  shown  to  belong  to 
various  shells  and  trilobites  of  true  lower  Silurian  t}'pes.  Among 
other  forms  are — 

Asaphus  tyrannus.  Orthis  biforata. 

Asaphus,  like  young   A,  megistos.  calligramma. 

Phacops  Odiai?  virgata. 

nieenus  Bowmanni.  — —  confinis. 

Lituites  cornu-arietis.  Graptolites  Sedgwickii. 

Leptaena  1 3nuistriata.  Orbicula  sp. 

Porambonites  intercedens.  Orthoceras,  traces  of.^ 

A  considerable  addition  has  been  made  to  this  list,  both  from 
Wrae  and  Glencotho,  by  my  friend  Dr.  Young.  jSTo  detemdnable 
fossils  have  yet  been  found  along  this  calcareous  band  in  any 
other  part  of  the  basin  of  the  Tweed,  though  encrinal  stems,  as  at 
Winkstone,  are  sometimes  abundant. 

This  limestone,  like  those  in  the  metamorphosed  Silurian  series 
of  the  Highlands,  and  those  that  remain  to  be  noticed  from  Ayr- 
shire, is  very  local  in  its  occurience.  It  swells  out  into  a  consider- 
able bed  at  Wrae,  but  both  towards  the  north-east  and  south-west 
it  rapidly  d^vindles  down  into  a  mere  band  of  calcareous  nodules, 
and  then  disappears  altogether.  I  have  ascended  every  ravine 
and  watercourse  throughout  the  wide  region  of  Lammermuir 
without  finding  any  trace  of  limestone,  and  yet  the  line  of  strike 
of  the  Wrae  bed  runs  through  the  whole  length  of  that  district. 
Again,  in  the  opposite  dii-ection,  if  we  except  the  obscure  calcare- 
ous breccia  of  Elvanfoot,  no  limestone  seems  to  be  known  to  exist 
in  the  Silurian  series  until  we  reach  the  Carrick  hills,  close  to  the 

1  The  occurrence  of  felspatliic  intrusions,  often  liigKly  charged  with  serpentine, 
is  common  among  the  limestones  of  the  metamorphic  Silurian  tracts  of  the 
Highlands,  as  well  as  among  their  less  altered  equivalents  of  the  southern  coun- 
ties. 

See  Salter  and  Xicol.— Quart.  Jour.  Geo!.  Soc,  vi.,  p.  205.  M'Coy  and  Sedg- 
wick.— Edin.  New  PhiL  Jour.,  li.,  p.  257. 
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borders  of  tlie  Firth  of  Clyde.  The  want  of  persistence  of  such 
calcareous  zones  is  unquestionably  a  great  obstacle  to  the  working 
out  of  the  structure  of  these  Silurian  tracts,  for  they  are  the  great 
repositories  of  organio  remains,  and  it  is  from  organic  remains 
alone  that  the  Scottish  Silurian  rocks  can  ever  be  satisfactorily 
brought  into  parallelism  with  those  of  the  sister  kingdom. 

It  has  been  proposed  to  place  the  limestone  of  Wrae  on  the 
same  horizon  with  the  limestones  of  Carrick.  ^  I  suspect,  however, 
that  it  must  be  lower  than  these.  The  beds  which  cover  the  lime- 
stone in  the  Tweed  Valley  are  different  from  those  occupying  a 
similar  position  in  Carrick,  and  have  more  the  lithological  aspect 
of  older  parts  of  the  Silurian  series,  while  in  Ayrshire  they  are 
succeeded  by  undoubted  Caradoc  and  Llandovery  beds,  and  con- 
tain, moreover,  a  mingling  of  fossils  which  link  on  the  higher  beds 
with  the  upper  Silurian.  The  evidence  is  confessedly  very  slight, 
but  its  tendency  seems  in  favour  of  a  higher  antiquity  for  the 
Wrae  limestone.  In  the  meantime,  therefore,  I  would  class  that 
limestone  below  those  of  Carrick,  and  regard  it  as  separated  from 
them  by  the  next  member  of  the  Silurian  series  of  the  South  of 
Scotland. 

6.  "We  may  regard  the  limestone  just  described  as  an  inconstant 
band  of  calcareous  nodules  or  beds  embedded  in  a  thick  group  of 
dark-hlue  shales  and  rjreywache.  The  dark-blue  glossy  shales  were 
formerly  extensively  quarried  for  slates  in  the  valley  of  the 
Tweed,  the  excavations  at  Stobo  being  the  most  considerable. 
Alternations  of  gi'it  and  shale  ere  piled  on  the  Stobo  beds,  and 
the  whole  undulate,  bringing  up  the  limestone  seam  once  more, 
until  at  last  we  reach  the  margin  of  the  Silurian  chain,  where 
the  series  is  abruptly  closed  by  the  unconformable  Old  Red 
Sandstone  gi'oup.  The  strata  now  under  description  range  along 
the  northern  front  of  the  Silurian  hills,  but  as  they  contain 
no  very  well  defined  or  characteristic  stratum,  their  contLauity 
becomes  obscure  so  soon  as  the  limestone  ceases  to  separate  them 
from  the  similar  groups  of  strata  below. 

7.  Much  additional  and  detailed  work  in  the  field  will  be 
required  before  the  exact  relations  of  the  gi'oups  of  strata  described 
in  the  foregoing  paragi-aphs,  to  those  now  to  be  noticed,  are 
satisfactorily  determined.  In  the  southern  or  Carrick  district  of 
Ayrshire  there  is  extensively  developed  a  group  of  flagstones,  sand- 

1  Sedgwick.— Edin.  New  PhiL  Jour.,  li.,  p.  252. 
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stones,  shales,  limestones,  and  conglomerates,  wliicli,  unlike  other 
portions  of  the  lower  Silurian  districts  of  Scotland,  have  yielded  an 
abundant  series  of  organic  remains.  From  these  remains  the 
strata  can  be  correlated  A\-ith  the  Caradoc  or  Bala  rocks  of  Wales.  ^ 

The  Car  rick  limestones  present  the  same  inconstant  character 
which  marks  the  calcareous  zones  of  the  Silurian  series.  They  are 
met  with,  for  instance,  at  one  place  in  a  thick  mass,  but  this  is 
found  rapidly  to  die  away,  and  a  considerable  distance  may  inter- 
vene before  another  lenticular  mass,  or  bed  of  limestone,  occiu's 
along  the  same  line  of  strike.  According  to  the  observations  of 
Sii'  Roderick  Murchison,  they  come  to  the  surface  in  lines  of 
shai-p  anticlinal  axis.  They  are  associated  with  bands  of  calca- 
reous shale,  hard  schist,  grit,  and  coarse  conglomerates.^  But 
theii-  ti-ue  stratigraphical  relations  seem  to  be  much  obscured  by 
the  general  metamorphism  which  the  district  has  undergone.  The 
limestone  sometimes  occui'S  in  huge  detached  bosses,  jointed  and 
broken,  ^\i\h  all  trace  of  bedding  effaced,  and  a  large  admixture  of 
serj)entine  infused  through  the  mass.  It  is  well  seen  in  the  lower 
part  of  the  valley  of  the  Stinchar,  with  the  trend  of  w^hich  its 
strike  very  nearly  corresponds.  At  Craigneil  it  forms  a  crag  on 
which  stands  an  old  castle  of  Nigel  Bruce.  To  the  north,  beyond 
the  ridge  of  Knockdolian,  it  is  represented  by  Sir  B.  Miu'chison 
as  rising  in  another  axial  line,  extending  by  Bogany  and  Aldens  to 
the  Gregg  Water,  south  of  Barr.  Another  line  runs  along  the 
valley  of  the  Water  of  Assel,  by  Tramitchell  and  Craigwell.  At  the 
latter  locality  Professor  Sedgmck  noticed  the  limestone  to  be  under- 
laid by  calcareous  concretionary  shale  and  a  great  conglomerate 
two  or  three  hundred  feet  tliick,  while  a  little  above  the  limestone 
he  found  a  conglomerate  ^dth  a  calcareous  band  about  seven  feet 
thick.  Further  to  the  north-east  he  saw  a  continuation  of  these 
bands  on  the  road-side,  a  few  miles  south  of  Straiton,  where  a  lime- 
stone, twelve  feet  in  thickness,  is  embedded  in  a  conglomerate. 

The  occuiTence  of  conglomerates  in  the  lower  Silurian  series, 

1  The  description  of  these  rocks  given  above  was  written  by  me  several  years 
ago.  Since  that  time  the  district  has  been  the  subject  of  detailed  investigation 
by  the  Geological  Survey,  the  results  of  which  will  appear  in  the  Memoirs  of  the 
Survey.  I  have  not,  therefore,  deemed  myself  at  liberty  to  anticipate  the  pub- 
lication of  these  Memoirs.  Hence  my  present  description,  compiled  chiefly  from 
the  wi-itings  of  Muixhison  and  Sedg^vick,  appears  as  it  was  originally  written. 
See,  however,  the  sections  furnished  by  me,  in  the  year  1867,  to  the  4th  edition 
of  Silima,  jjp.  156,  157. 

2  See  Murchisou  Qiiart.  Jour.  Cl-eol.  Soc.  vii.,  153.  Sedgwick  Edin.  New  Phil. 
Jour.  IL.  2.>3. 
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though  not  confined  to  this  district,  is  exhibited  on  a  fiir  more 
extensive  scale  here  than  in  any  other  part  of  Scothmd.  It  is 
possible,  as  suggested  by  Sir  Roderick  Murchison,  that  there  may 
really  exist  here  an  unconformity  in  the  Silurian  series.  The 
conglomerate  covering  the  limestone  sometimes  seemed  to  him  to 
rest  unconformably  on  it,  or  at  least  to  liavc  been  deposited  on  an 
eroded  surface.  In  the  thick  bed  of  conglomerate  forming  the 
shore  cliffs  at  Kennedy's  Pass,  a  few  miles  to  the  south  of  Girvan, 
the  pebbles  consist  chiefly  of  various  felspatliic  rocks,  mth  granite, 
syenite,  gi'eenstone,  jasper,  Lydian  stone,  and  different  kinds  of 
gi*ey^vacke — rocks  to  which  parallels  might  be  found  abundantly 
among  the  masses  composing  the  hills  of  the  adjacent  country. 
Whether  they  have  been  derived  from  masses  which  arc  still 
visible,  at  least  in  part,  or  from  others  which  have  long  since  been 
effaced,  remains  as  an  important  question  for  future  investigation. 
Its  solution  would  probably  decide  whether  an  unconformity  exists 
in  the  Silurian  series  of  Carrick. 

The  limestone,  notwithstanding  its  metamorphosed  aspect,  con- 
tains a  characteristic  suite  of  lower  Silurian  fossils.  Among  these 
are  the  following  : — 

lUffinus  Bowmanni.  Lept^na  sericea. 

Davisii.  Murchisonia  angustata. 

Asaphus  (Isotelus).  Maclurea  magna. 

Orthis  confinis,  Ecculiomphalus  Scoticus, 

calligramma  var.  virgata.  Orthoceras  biliucatum. 

testudinaria.  polituin. 

At  Craighead,  on  the  north  bank  of  the  Girvan,  a  curious 
mass  of  limestone  is  quarried.  It  shews  only  faint  traces  of 
bedding,  and  is  much  altered  and  traversed  with  serpentinous 
matter.  It  is  cut  through  by  a  long  dyke  of  greenstone,  which 
has  been  quarried,  leaving  the  irregular  rent  through  which  it 
rose  as  a  gaping  fissure  in  the  calcareous  rock.  It  is  very 
difiicult,  if  not  impossible,  to  get  at  the  true  relation  of  this 
limestone  to  the  other  parts  of  the  Silurian  scries,  for  it  has 
no  dip,  and  it  nowhere  shews  a  clear  junction  with  any  other 
Silurian  rock.  Sir  Roderick  Murchison  regards  it  as  a  protrusion 
of  one  of  the  Stinchar  limestones  along  another  axial  line.  It 
seems  hardly  possible  to  insert  between  this  limestone  and  the 
shelly  sandstones  of  Drummuck  Hill,  a  little  to  the  north,  all  the 
intermediate  beds  which  have  been  supposed  to  lie  between  them, 
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on  the  soutli  side  of  tLe  Gii^van  vallev.  If,  indeed,  we  admit  an 
unconformity  in  the  series,  this  difficulty  is  removed.  This,  how- 
ever, is  a  point  which  remains  to  be  decided.  So  far  as  mineral 
character  goes,  the  limestone  of  Craighead  is  not  to  be  distinguished 
from  those  of  the  Stinchar  and  Assel  valleys,  while  the  fossils 
from  all  these  limestones  have  a  general  common  fades.  The  true 
Caradoc  position  of  the  Craighead  bed  is  well  shown  by  the 
subjoined  list  of  Brachiopoda  from  this  quarry.  It  has  been 
furnished  to  me  by  my  friend  Mr.  Davidson,  who  further  informs 
me  that  he  believes  several  additional  species  will  fall  to  be  added. 

Rhynconella  Thomsoni.  ^         Orthis  sp. 

nasuta,  Stropliomena  rhomboidalis. 

—  imbrex,  var. 


sp. 


Triplesia  Gray«.  retroflexa 

Orthis  vespertilio.  sp- 

calligramma.  Leptsena  transversalis  (sencea) 

var.  Scotica,  •  teuuicincta. 


Girvaniensis.  '    sp. 

elegautula.  Chonetes  striatella. 

biforata.  Disciua  perrugata. 


coiinivens. 


The  western  portions  of  Carrick,  in  wdiich  those  parts  of  the 
Silurian  series  now  under  review-  are  so  well  developed,  have  been 
subjected  to  such  powerful  contortion  and  metamorphosis  that  it 
is  matter  of  very  considerable  difficulty  to  unravel  the  true  order 
of  stratigraphical  succession.  And  this  is  all  the  more  tantalizing, 
for  there  is  no  other  part  of  Scotland  where  so  large  a  series  of 
lower  Silurian  fossils  has  been  obtained,  and  where,  in  consequence, 
had  the  stratigraphical  order  been  evident,  the  correlation  of  the 
Scottish  rocks  with  those  of  the  typical  Silurian  region  would  have 
been  so  satisfactory.^ 

According  to  the  observations  of  Sir  E.  Murchison,  the  lime- 
stone series  is  followed  by  a  group  of  hard,  greenish-grey,  coarse 
flaf^stones  and  shales  with  bands  of  coarse  conglomerate.  These 
beds  are  well  seen  en  the  shore  at  Ardwell,  Shalloch  Mill,  and 
Kennedy's  Pass,  and  in  the  interior,  at  Piedmont  Glen  and  Pen- 
whapple  Burn.  They  are  much  contorted  and  broken,  the  shales 
being  often  twisted  and  gnarled,  after  the  fashion  of  the  gneiss  of 
the  Highlands.     They  contain  a  number  of  Cephalopoda,  one  of 

1  Quart.  Jour.  Geol.  Soc.  vii.,  156;  Siluiia,  4th  edit.,  p.  15G.  See  also  Sedgwick 
Edin.  New  Phil.  Jour,  li.,  p.  254,  where  the  general  order  of  succession  is  stated. 
Wv'v'ille  Thompson,  Quart.  Jour.  Gcol.  Soc.  xiii.,  206. 
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which  (Orlhoceras  angulatam)  is  an  iipper  Silurian  form,  ^vhile  tlie 
others  are  characteristically  lower  Silurian.  Among  the  fossils  are 
the  following : — 

Ortlioceras  vaginatum  (lower  Silurian  Lcptanea  scricea. 

of  Sauclinavia  &  Eussia).         Oithis  simplex, 

bilinoatum  (lower  Silurian  Discina  (Orbicula)  crassa. 

of  America).  Serpulites  sp. 
politum.  Graptolithus  tenuis. 

angulatum.  Diplograpsus  bullatus. 

Cyrtoceras. 

Llandovery  Rocks. 

The  next  members  of  the  scries  form  the  uppermost  part  of  the 
lower  and  the  passage  beds  into  the  upper  Silurian  formation. 
They  may  consequently  be  regarded  as  equivalent  to  the  Llando- 
very rocks  of  South  "Wales.  They  are  best  seen  on  tlie  north  bank 
of  the  Girvan,  and  consist  chiefly  of  shelly  sandstones,  \nX\i  bands 
of  shale  and  conglomerate.  On  the  south  side  of  the  river,  imme- 
diately above  its  mouth,  the  Saugh  Hill  (950  feet  above  the  level 
of  the  sea),  contains  a  band  of  ferruginous  sandstone,  with  numerous 
fossils,  which  are  characteristic  of  the  passage  beds  between  the 
upper  and  lower  Silurian  series.^  The  fossil  evidence  therefore 
satisfactorily  shews  an  upward  succession  to  the  top  of  the  lower 
Silurian  rocks ;  but  until  a  minute  survey  has  l)cen  taken  of  the 
disturbed  districts  in  which  these  rocks  occur,  it  will  not  be  pos- 
sible to  sub-divide  them  into  detailed  groups,  and  identify  theii* 
equivalents  in  different  parts  of  the  country.  It  would  be  especially 
important  to  institute  a  rigorous  examination  of  the  exact  relation 
of  these  slielly  sandstones  of  the  Saugh  Hill  to  the  hard  orthocera- 
tite  flagstones  of  Ardwell  and  Penwhapple,  with  the  view  of  ascer- 
taining whether  or  not  they  overlie  them  unconformably.  The 
presence  of  an  unconformity  in  the  series  is  naturally  suggested  by 
the  massive  beds  of  conglomerate. 

On  the  north  bank  of  the  Girvan  the  shelly  sandstones  are  found 
in  a  ridge,  about  three  miles  long,  extending  from  near  the  Burn- 
iag  Hills,  by  Mulloch  and  Drummuck,  to  beyond  Craighead. 

Among  the  strata  at  Drummuck,  Mulloch,  Saugh  Hill,  and 
Ardmillan,  the  following  forms  occur  : — 

1  See  Murchison  Quart.  Jom*.  GeoL  Sec.  vii.,  and  the  sections  alluded  to  in  a 
foregoing  foot  note,  as  given  on  pp.  156-157  of  Siluria,  4th  edit. 
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Encrinuriis  punctatus.  Leptsena  transversalis. 

Phacops  Stokesii.  sp. 

Cal3'mene  Blumenl3achii.  Strophomena  teniiistriata 

Illffinus  Bowmauui.  Atrypa  hemispherica. 

Cbeirurus  bimucronatus.  iucerta. 

Lichas  laxatus.  •  reticularis. 

Petraia  equisulcata.  marginalis. 

subduplicata.  Meristella  angustifrons. 

elongata.  Miircliisonia  cancellatula. 

Orthis  reversa  var.  Mullocliiensis.       Troclius  ?  Moorei. 

calligramma,  Ecculiomplialus  Scoticus. 

conniveus.  Belleroplion  acntus. 


Pentamerus  rotundatus.  dilatatus. 

oblongus.  bilobatus. 

lens.  Ortboceras  Barrandii.i 


These  Llandovery  rocks  of  Carrick  are  covered  ■unconfonnably 
by  sandstones  and  trappean  rocks  of  Old  Red  Sandstone  age. 
The  upward  succession  of  the  Silurian  rocks  is  thus  abruptly 
concealed  just  at  the  place  where  we  might  have  hoped  to  find  the 
upper  Silurian  series  appearing  above  the  great  lower  formation. 
These  strata  of  the  Girvan  are  the  highest  members  of  that  lower 
formation  which  have  yet  been  distinctly  recognised.  For  the  next 
in  the  upward  order  we  miist  pass  over  intervening  overlying 
deposits  of  Carboniferous  and  Old  Hed  Sandstone  rocks  until  we 
reach  the  upper  Silurian  shales  and  mudstones  of  Lesmahagow 
and  the  Pentland  Hills,  or  we  must  cross  the  whole  breadth 
of  the  Silurian  belt,  and  light  upon  some  broken  and  contorted 
representatiA^es  of  the  Wenlock  rocks  along  the  coast-line  of 
Kirkcudbright. 

Before,  however,  passing  on  to  the  upper  Silurian  division,  it 
may  be  of  service  to  state  succinctly  what  is  known  at  present 
regarding  the  order  of  succession  among  the  metamorposed  lower 
Silurian  rocks  of  the  Scottish  Highlands. 

1  For  this  and  previous  lists,  see  the  papers  already  quoted,  of  Murchison, 
Sedgwick,  Wyville  Thomson ;  also  Mr.  Davidson's  valuable  Memoir  on  Silurian 
Brachiopoda  now  in  coui'se  of  jiublication  by  the  Palasontographical  Society. 
There  is  an  interesting  paper,  by  Hugh  ^Miliar,  on  tlie  Silurian  deposits  of 
Girvan.  I  may  add  that  a  large  addition  to  these  fossil-lists  has  recently  been 
made  by  the  Geological  Survey. 

2  .See  the  section  in  Siluiia,  p.  157. 
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II.— LOWEP.  SILUPJANREGIOX  OF  THE  SCOTTISH  HIGHLANDS. 
The  Scottish  Highlands  consist  for  the  most  part  of  hard 
crystalline  gneissose  and  schistose  rocks,  of  which  the  general 
strike  is  from  south-west  to  north- east.  Until  a  few  years  ago, 
the  geological  age  of  these  rocks  was  still  uncertain.  Dr.  Mac- 
culloch  had  found  fossils  in  the  quartz  rocks  of  Sutherlandshire. 
and  these  fossiliferous  deposits  were  shown  to  underlie  a  great 
depth  of  metamorphic  rocks.  But  the  significance  of  these  facts 
was  lost  sight  of  until,  in  the  year  1855,  the  attention  of 
geologists  was  anew  called  to  this  region  by  Sir  Roderick 
Murchison.  The  researches  of  that  geologist,  aided  by  those  of 
several  fellow-laborours  in  the  same  field,  have  since  shown  that, 
along  the  coast-line  of  the  counties  of  Sutlierland  and  Ross, 
masses  of  a  very  ancient  highly  crystalline  gneiss  rise  into  con- 
siderable hills;  that  these  bottom  rocks  pass  under  7000  feet  or 
more  of  red  and  piu-ple  sandstones  and  conglomerates;  that 
upon  the  latter  strata  come  beds  of  quartz  rock  and  limestone 
containing  fossils,  and  that  over  these  lie  the  enormous  group 
of  gneissose  and  schistose  strata  of  which  the  north-western 
Highlands  are  chiefly  composed.  The  lower  or  bottom  gneiss 
has  been  put  by  Sir  R.  Murchison  upon  the  same  geological 
horizon  with  the  Laurentian  gneiss  of  Sii'  William  Logan  in 
Canada.  The  red  and  purple  sandstones  seem  to  represent  the 
Cambrian  series  of  Wales,  while  the  limestones  and  quartz  rocks 
are  shown  by  their  fossils  to  belong  to  a  low  part  of  the  Lower 
Silurian  series.^ 

In  the  typical  districts  of  Sutherland  and  Ross  the  following  is 
the  order  of  superposition  in  descending  series : — 

f/  Overlying  mica  slates   or  gneissose   and  schistose 
strata  which  undulate  eastwards  and  southwards 
over  the  Scottish  Highlands, 
c  Uppermost  quartz  rock  passing  up  into  the  schistose 
T  r,  ,  rocks  above. 

Lower  Silurian,  J,  j^  -^^^^^  Limestone  band. 

c   Upper  quartz  rock  with  ortlioctraa  and  anneUdes. 
b  Lower  limestone   containing  well  preserved  Lower 
Silurian  fossils. 
\^a  Lower  quartz  rock  with  anneUdes. 
Cambrian,  Red  sandstone  and  conglomerate. 

Laurentian,  Fundamental  gneiss. 

1  See  MaccuUoch's  'Western  Islands,  vol.  ii. ;  Sedgwick  and  I\Iurchison. 
Trans.  Geol.  Sec,  Second  Series,  vol.  iii.;  Hay  Cunningham,  Trans.  High. 
See.  xiii.;  IMurchison.  Siluria,  p.  168  et  seq.;  Quart.  Journ.  Geol.  Soc.  xv., 
353— x\d.,  215;  Murchison  and  Geikie,  Quart.  Joiurn.  Geol.  Soc.  xviL,  171; 
Nicol,  Quart.  Joiun.  Geol.  Soc,  xiii. 
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The  fossils  found  by  Mr.  Peacli  in  these  ancient  rocks  {a — d) 
and  determined  by  Mr.  Salter  include — 

Orthoceras  mendax.  Euomplialus  matutinus. 

undulostriatum.  Pleurotomaria  Thule. 

arcuoliratum.  Murcliisoiiia  gracilis. 

vertebrale.  • — — —     ano;ulociiicta. 


Piloceras  invaginatum. bellicincta. 

Maclurea  Peachii.  Orthis  striatula. 

OphUeta  compacta.  Serpidites  Maccullocbii. 

Of  these  species  Mr.  Salter  remarks  that  five  are  identical  with 
American  species,  three  are  doubtfully  so,  while  four  may  fairly 
be  called  representative  forms.  "That  this  truly  North  American 
assemblage,"  he  adds,  "should  be  found  in  the  extreme  north  of 
Scotland,  on  the  same  parallel  as  the  Canadian, — that  species  of 
Maclurea  and  Raphistoma  resembling  those  of  the  St.  Laurence 
basin,  and  Ortliocerata  bearing  large  siphuncles  like  those  of 
N.  America,  Scandinavia,  and  Russia,  should  occur  in  Scotland, 
and  yet  be  scarcely  known  further  south,  is  at  least  suggestive 
of  a  geographical  distribution — perhaps  even  of  climatal  condi- 
tions— not  very  unlike  that  of  modern  times." -^ 

The  Laurentian  gneiss  and  the  Cambrian  sandstones  appear 
to  be  confined  to  the  north-western  margin  of  the  Highlands. 
From  these  basement  rocks  the  Lower  Silurian  quartz  rocks  and 
overlying  schists  undulate  over  the  whole  of  the  rest  of  the 
Highland  region.  They  are  disposed  in  wave-like  folds,  whereby 
the  lower  quartz  rocks  and  limestones  are  from  time  to  time 
brought  to  the  surface  as  we  follow  them  southwards  to  the 
Lowland  border.  As  yet  no  fossils  have  been  detected  save  in 
those  north-western  districts  just  referred  to,  but  the  occurrence 
of  recognizable  Lower  Silurian  organisms  in  the  lower  members 
of  the  series  shows  that  the  metamorphic  rocks  which  spread  out 
over  the  Scottish  Highlands  aie  merely  the  altered  equivalents  of 
the  gi-eywacke,  shales,  &c.,  of  the  Southern  Uplands. 

III. -UPPER  SILUPJAN. 

In  no  part  of  Scotland  have  the  precise  stratigraphical  relations 
of  the  Lower  with  the  Upper  Silurian  formations  been  yet 
distinctly   observed.      In   the    south   of  Ayishii-e   we   reach,    as 

1  Quart.  Journ.  Geol.  Soc,  vol.  xv.,  p.  381. 
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already  seen,  the  very  uppermost  members  of  tlie  Lower  Silurian 
series,  but  tlie  succession  ceases  to  be  visible  at  the  point 
wlieic  the  upper  members  might  have  been  looked  for.  Upper 
Silurian  strata  have  been  found  in  three  districts — around 
Lesmahagow,  in  the  Pentland  Hills,  and  along  the  coast  of 
Kirkcudbright.  The  two  first  lie  on  the  northern  side  of  the 
Lower  Silurian  belt  of  the  Southern  Uplands,  while  the  last 
occurs  on  the  southern  side. 

The  Kirkcudbright  locality  is  the  only  one  whicli  sliows  the 
Upper  and  Lower  Silurian  series  in  proximity.  Conglomeratic 
beds  occur  in  the  Silurian  rocks  of  that  neighbourhood,  and 
possibly  a  careful  and  minute  survey  might  show  an  unconformity 
of  the  newer  uj)on  the  older  series.  But  the  rocks  are  much 
contorted  and  in  places  traversed  by  masses  of  syenite  and  other 
crystalline  rocks.  The  Upper  Silurian  series  is  here  divided  by 
Mr.  Harkness^  into  the  following  zones  in  descending  order: — 

fc  Shale  and  sandstone;  the  shales  being  light-grey  in  colour 

I  with  calcareous  fossiliferous  nodules,  and  the  sandstones 

I  similarly  tinted,  in  thin  beds,  sometimes  containing  frag- 

Wenlock,  -J  ments  of  quartz,  jasper,  and  syenite. 

I  b  Greywacke  sandstone;  thick  bedded,  without  fossils. 

I  a  Indurated  black  shale  with   GraptolUhus  j^riodon  and   G. 

L  Flemingii. 

The  uppermost  division  (c)  has  yielded  a  number  of  fossils 
including  the  following: — 

Terebratula  semisulcata.  Murchisonia. 

Chonetes  sarcinulata.  Avicula  lin.ata. 

Lepta:na  sericea.  Orthonota  cingulata. 

Atrypa  reticularis.  Orthoceras  tenuicinctum. 

Bellerophon  trilobatus.  Phacops  caudatus. 

Natica.  Beyrichia  tuberculata. 

Turritella.  Graptolithus  Ludensis.^ 

The  Upper  Silurian  strata  of  the  Pentland  Hills  are  separated 
at  the  surface  from  the  Lower  Silurian  series  by  intervening 
masses  of  overlying  conglomerates  of  Uld  Red  Sandstone  age. 
They  are  very  highly  inclined,  and  strike  towards  the  north- 
east and  south-west  under  these  conglomerates.  The  following 
succession  of  strata  has  been  observed  among  them : — 

1  Quart.  Journ.  Geol.  Sec.  ix.,  p.  185. 
'"  Salter,  Quart.  Journ.  Geol.  See.  iv.,  206.     See  also  vol.  vii.,  p.  54. 
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Eed  sandstones,  shales,  and  conglomerates,  possibly  marking 
tlie  base  of  the  Lower  Old  Red  Sandstone. 
[c  Olive  and  brown  sandy  shales  and  sandstones,  sometimes 
Ludlow.    |  full  of  well  preserved  fossils, 

and        -{  h  Hard  sandstones  and  quartzose  grits. 
Wenlock?  I  a  Green,  grey,  and  reddish  shales,  grits,  and  sandstones,  with 
[_         shells  and  crustacean  fragments. 

The  total  thickness  of  the  portion  of  these  strata  now  visible  may 
range  from  3500  to  4000  feet.^  A  large  suite  of  fossils  has  been 
obtained  from  these  rocks j  it  includes  the  subjoined  species: — 

Chondrites  versimHis  (a  true  Atrypa  reticularis. 

sea- weed).  Rhynconella  ?  Pentlandica. 

Amphispongia  oblonga.  Wilsom. 

Stenopora  fibrosa.  nucula. 

Favosites  alveolaris.  Orthis  elegantula. 

Protaster  Sedgwickii.  biloba. 

Encrinurus,  sp.  Lewisii. 

Phacops  Stokesii.  polygramma. 

Pterygotus  acuminatus.  Strophomeua  applanata. 

Entomis .  rhomboidalis. 

Ceriopora  granulosa. antiquata. 

Lingula  lata.  Walmstedti. 

■    Lewisii.  pecten. 

Orbiculoidea  Forbesei. Henderson!. 

Crania  impHcata.  Leptsna  trans versalis. 
Spirifera  exporrecta  Chonetes  striatella. 
crispa.  Orthonota  amygdalina. 


Athyris?  compressa.  Euomphalus  funatus. 

Meristella  tumida.  Orthoceras  Maclareni. 

1  Maclareni.  0.  subundulatum. 

Nucleospira  pisum.  Conularia  Sowerbyi.^ 

It  is  possible  that  the  lower  portion  of  these  strata  may  be  of 
Wenlock  age,  w^hile  the  upper  parts  appear  to  range  witli  the 
true  Ludlow  rocks. 

In  the  district  of  Lesmahagow,  the  relations  of  the  Upper 
Silurian  to  the  Lower  Silurian  groups  are  wholly  concealed.  But 
here  w^e  have  many  admirable  sections  showing  the  gradual 
conformable  passage  of  the  former  series  up  into  the  base  of  the 

1  See  Memoirs  of  Geol.  Survey;  Geology  of  Edinburgh,  p.  5,  and  Appendix. 

2  6'ee  Appendix  to  Geol.  Survey;  Memoir  on  Geol.  of  Edinburgh;  a  Memoir 
by  Mr.  G.  C.  Haswell  on  Pentland  Hills,  18G5,  and  the  admirable  Monograph  on 
the  Brachiopoda  of  these  rocks  by  Mr.  Davidson,  published  by  the  Geological 
Society  of  Glasgow. 
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Lower  Old  Red  Sandstone.^  Pliysically,  tlierefore,  -we  arc  here 
presented  with  a  representative  of  the  Ludlow  rocks,  and  the 
identification  is  still  further  established  by  fossil  evidence.  The 
descending  order  of  succession  in  that  district  has  been  made  out 
as  follows": — 

Red  sandstones,  shales,  and  conglomerates,  forming  the  basement  beds  of 

the  Old  Red  Sandstone, 
c  Lingula  and  Trochus  beds;  grey  and  reddish  shales  and  sandstones  with 

Platychisma  helicites,  Lingula  minima,  and  other  shells. 
b  Pierygotus  shales;  dark  blue  and  grey  shales  and  flagstones  with  Fiery- 

gotus  and  other  crustaceans, 
a  Hard  shales  and  stone  bands,  becoming  much  hardened  and  mineralized 

in  lower  portions,  which  may  possibly  represent  a  part  of  the  Wen  lock 

series. 

The  Crustacea  first  found  in  this  district  by  Mr.  Robert  Slinion," 
and  now  so  avcII  knowTi,  embrace  several  species  of  Pterygotus, 
Slinionia,  Ceratiocaris,  &c.*  Recent  researches  by  the  officers 
of  the  Geological  Survey  have  revealed  the  detailed  geological 
structure  of  that  district,  and  have  brought  to  light  a  considerable 
suite  of  mollusca  in  addition  to  those  previously  found. 

1  See  Murchison,    Quart.  Journ.   Geol.  Soc.  xi.,  15;  Geikie,    Quart.    Journ. 
Geol,  Soc.  xvi.,  312. 

2  Salter,  Appendbc  to  Memoir  on  Geol.  Edin.,  p.  132. 

3  See  Murchison,  Quart.  Joui-n.  Geol.  Soc.  vol.  xi,,  15. 

4  Murchison,  op.  cit.,  also  Siluria,  p,  IGO;  Huxley  and  Salter.  Mem.  Geol. 
Survey;  Monograph  on  Pterygotus. 

Note. — The  foregoing  paper  was  written  several  years  ago  for  my  owti 
assistance,  while  engaged  in  the  Geological  Survey  of  the  Silurian  tracts  of  the 
southern  counties  of  Scotland.  It  was  intended  to  be  a  digest  of  the  state  of 
knowledge  at  the  time  regarding  the  Silurian  rocks  of  that  district.  "When  my 
friend  Mr,  Davidson  applied  to  me  for  information  respecting  the  succession  of 
strata  to  aid  him  in  his  work  upon  the  Scottish  Silurian  Brachiopoda,  I  sent  Imn 
my  MS.  notes.  At  his  request,  and  that  of  Professor  Young,  they  were  read 
before  the  Geological  Society  of  Glasgow.  I  have  revised  and  somewhat  enlarged 
the  papsr,  and  by  desire  of  the  Society  it  now  appears  in  their  Transactions. 
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Yll.—0)i  the  Upper  Coal  Measures  of  Lanarkshire.  By 
William  Grossart,  Surgeon,  Salsburg,  Corresponding 
Member  of  the  Geological  Society  of  Glasgow. 

(Read  February  S,  1S68.) 

Introductory. — Considering  tlie  importance  of  the  coal-measures 
of  Lanarkshire,  as  bearing  on  our  commercial  prosperity,  it  is 
surprising  how  little  has  been  written  to  illustrate  them.  True, 
we  have  many  admirable  writers  on  general  geology,  but  few 
specialists;  what  is  wanted  is  a  good  local  geologist  in  every 
parish  to  record  his  observations  before  the  true  history  of  those 
coal  measures  can  be  written. 

We  have  a  good  example  of  a  local  geologist  in  David  Ure,  in 
his  History  of  Pvutherglen  and  East  Kilbride,  who  is  now  justly 
regarded  as  the  pioneer  geologist  of  the  West  of  Scotland.  His 
work,  although  written  upwards  of  seventy  years  ago,  shows  that 
he  was  a  most  accurate  observer,  and  his  labours  were  never  more 
appreciated  than  at  the  present  day.  Little  more  was  done  for 
local  geology  till  about  twenty  years  ago,  when  a  "  Sketch  of  the 
Geology  of  Carluke  Parish"  appeared  in  the  Transactions  of  the 
Highland  Society,  by  Dr.  Kankin;  and  in  the  same  periodical 
there  was  a  sketch  of  the  "  Carboniferous  Formation  of  Lanark- 
shire," by  the  late  Mr.  John  Craig.  Mr.  Craig  also  read  a  paper 
before  the  British  Association  in  1340  on  the  "  Coal  Formation  of 
the  West  of  Scotland."  These  papers,  being  confined  chiefly  to  the 
descriptive  geology  of  the  localities  indicated,  and  no  attempt  ha-^dng 
been  hitherto  made  to  arrange  the  different  beds  stratigraphically 
according  to  their  organic  contents,  it  will  be  the  aim  of  the 
following  paper  to  accomplish  this  as  far  as  a  few  well-ascertained 
facts  will  permit.  There  are,  however,  certain  peculiarities 
connected  with  our  coals  and  their  associated  beds  which  it  will 
be  better  to  note  before  taking  up  the  several  beds  seriatim. 

If  the  upper  coal-measures  were  divided  into  two  sections,  the 
upper  section  to  include  all  the  beds  above  the  Virtue  Well  coal, 
the  lower  all  those  from  that  coal  down  to  the  slaty-band  iron- 
stone, it  would  be  found  that  the  upper  section  would  contain  all 
the  thick  beds  of  coal  so  extensively  wi'ought  in  the  neighbour- 
hood of  Glasgow,  the  ]\Ionkland  district,  and  at  Wishaw,  and 
several  other  places  in  Lanarkshire.     In  this  section  the  beds  of 
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bituminous  slialc  are  luucli  tliiuner  than  those  of  the  lower  section 
where  the  coal  beds  are  thin,  consequently  fewer  animal  remains 
are  to  be  found,  as  it  is  principally  in  beds  of  shale  that  they  are 
met  Avith.  In  sandstone,  with  the  exception  of  one  species  of 
Anthracosia,  I  have  found  no  animal  remains,  but  it  is  here  that 
trunks  and  branches  of  trees  are  to  be  met  with  in  abundance, 
often  uncompressed,  aftbrding  facilities  for  estimating  the  probable 
diameter  of  plants  belonging  to  the  coal  flora.  The  largest  I  have 
seen,  a  Sigillaria,  uncompressed,  measured  20  inches  in  diameter. 

With  regard  to  the  distiibution  of  our  coal  flora,  I  may  state 
that,  from  my  own  observation,  SujiUaria  and  Ferns  i)redoniinate 
in  the  upper,  and  Calamites  and  Lepidodendra  in  the  lower  section 
of  the  upper  coal-measures.  In  places  where  the  "  Pyotshaw"  and 
"Main"  coal  are  in  contact,  forming  one  seam,  the  junction  is  usually 
indicated  by  a  few  inches  of  coaly  shale  entirely  composed  of 
several  species  of  Sij'dlaria  in  a  good  state  of  preservation.  As  a 
general  rule  all  our  coal  beds  rest  on  tire-clay,  and  sometimes  a 
bed  of  fire-clay  is  present  on  the  top  of  the  coal  likewise. 

Immediately  above  all  our  coal  beds  there  are  from  one  to  three 
bands  of  argillaceous  ironstone,  varying  from  half-an-inch  to  six 
inches  in  thickness,  these  being  also  frequent  in  other  parts 
of  the  strata.  These  coal  beds  have  generally  a  mussel-band 
accompanying  them,  either  close  on  the  top  of  the  coal  or  a  ^Qvr 
feet  above  it,  mostly  composed  of  shells  of  Ant/iracosia;  in 
some  instances  the  shells  are  united  by  a  cement,  forming  a  solid 
band,  having  the  appearance  of  limestone  or  marble  when  polished ; 
in  others  they  are  only  masses  of  compressed  shells. 

The  best  example  of  the  solid  form  is  what  has  been  called 
"  Cambuslang  marble,"  a  massive  mantelpiece  of  which  may  be 
seen  at  Hamilton  Palace.  They  are  of  no  economic  value,  except  the 
"  Kiltongue "  mussel-band,  wliich  is  wrought  in  seveml  places  for 
the  production  of  paraffin.  This  band,  about  17  fiithoms  under 
the  Virtue  Well  coal,  consists  of  2J  feet  of  l>ituminous  shale,  and 
4  inches  of  good  brown  paraffin  shale,  with  a  few  inches  of  coal  at 
the  bottom;  and  on  the  top  two  bands  of  clay  ironstone,  the  one 
occupied  exclusively  by  Jjei/richia  arcuata,  the  other  by  Cythere 
fahuUna,  C.  iLanldniana,  und  C.  2)ungens.  It  appears  to  be  a  general 
arrangement  that  all  coal  beds  and  black-band  ii'onstones  are 
accompanied  by  a  few  iuches  of  gas  coal ;  sometimes  it  is  obtained 
in  the  centre,  but  this  is  a  very  local  arrangement,  the  gas  coal 
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on  the  top  is  more  general.  I  have  seen,  m  one  locality  only, 
6  inches  of  gas  coal  and  2  inches  of  good  black-band  ironstone  in 
the  centre  of  a  four-foot  coal. 

The  last  thing  I  will  notice  in  connection  with  these  beds  is  a 
band  of  peculiar  structure  called  cone-in-cone,  found  in  several  places 
in  the  upper  coal-measures,  but  it  appears  not  to  be  confined  to 
this  region,  as  I  have  found  it  as  far  down  in  the  section  as  the 
Lesmahagow  gas  coal.  It  is  found  in  bands  several  inches  thick,  and 
I  have  also  found  it  in  detached  masses,  adhering  to  the  under 
sui'face  of  ironstone  balls,  half-an-inch  to  2  inches  in  thickness.  I 
can  throw  no  light  on  its  formation,  but  I  have  found  a  structure 
somewhat  similar,  in  a  deposit  from  hot  water  from  a  condensing 
steam-engine. 

Changes  iwoduced  on  the  heels  hy  igneous  action. — The  northern 
half  of  the  parish  of  Shotts  is  thickly  studded  with  trap  bosses, 
affording  ample  opportunities  for  observation.  These  outbursts 
often  take  the  form  of  "crag  and  tail,"  the  escarpment  being 
generally  towards  the  south  and  south-west.  Skii'ting  these 
trap  hills  are  beds  of  anthracite,  smithy  coal,  and  semi-bituminous 
or  "steam"  coal,  varieties  caused,  not  altogether  from  a 
variable  distance,  but  from  the  amount  of  heat  they  have  been 
subjected  to;  for  sometimes  a  bed  of  shale  is  found  close  to  the 
trap  completely  de-bituminised,  of  a  dirty  white  colour,  and  in  this 
state  used  as  slate-pencils;  and  at  another  place  about  the  same 
distance  from  the  trap,  a  bed  of  shale  is  converted  into  a  sort  of 
plumbago,  showing  that  like  cha,nges  do  not  take  place  at  equal 
distances.  Black-band  ironstone  is  sometimes  rendered  magnetic 
when  found  near  trap  dykes,  although  the  ironstone  has  undergone 
no  change  in  appearance.  I  have  seen  a  bed  of  shale  near  an 
outburst  of  trap  thickly  studded  with  sulphuret  of  iron,  finely 
crystallized  in  cubes,  giving  the  shale  a  resemblance  to  roofing  slate. 

Division  of  the  System. — The  carboniferous  system  of  Lanark- 
shii'e  has  been  divided  into  four  gToups  : — 

1st.     The  Upper  Coal-measures.        I  3rd.  The  Lower  Coal-measures. 
2nd.  The  Upper  Limestone  Series,   I  4tli.  The  Lower  Limestone  Series. 

For  the  present  I  \y\\1  confine  myself  to  the  first  of  these  gi'oups, 
the  upper  coal-measures,  comprising  an  average  thickness  of  about 
1500  feet,  consistmg  of  sandstones,  bituminous  and  aluminous  shales, 
fire-clays,  with  numerous  thin  bands  of  clay  ironstones,  but  no 
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limestone ;  and  where  tlie  series  is  best  developed,  of  about  seventeen 
workable  beds  of  coal,  varying  from  18  inches  to  14  feet  in  tliickness, 
besides  numerous  thin  seams  of  no  economic  value  at  present. 
The  workable  black-band  ii'onstones  in  this  gi'oup  are  six,  varying 
from  6  inches  to  G  feet  thick,  and  six  rudimentary  black-bands 
from  half-an-incli  to  3  inches  thick,  which,  in  some  favoured 
locality,  may  yet  be  found  to  bo  good  workable  bands. 

Before  proceeding  further  it  may  be  useful  to  define  tlie  upper 
and  lower  boundaries  of  the  upper  coal-measures.  The  upper 
boundary  is  a  natural  one,  being  tlie  junction  of  the  new  (?)  red 
sandstone,  with  the  carboniferous  system  at  about  80  fathoms 
above  the  "  Ell"  coal.  This  junction  may  be  further  illustrated  by 
giving  some  details  of  the  strata  in  this  region.  Taking  the 
Palacecraig  ii'onstone  as  the  highest  workable  scam  in  Lanarkshire, 
being  24  fathoms  above  the  "  EU"  coal,  it  has  been  ascertained  from 
the  boring  and  sinking  of  pits  that  for  about  60  fathoms  above  this 
ironstone,  the  usual  alternations  of  white  sandstone,  grey  fire-clay, 
and  dark  shale,  with  frequent  beds  of  red  sandstone  and  fire-clay 
occur,  and  above  that  distance,  so  far  as  I  have  seen,  no  dark  or 
carbonaceous  beds  are  met  with. 

The  only  fossil  common  to  the  two  formations  is  the  Estheria 
tenella^  found  a  few  fathoms  below  the  Palacecraig  ironstone,  the 
only  localityinthe  Lanarkshire  coal-field  where  itlias  been  obtained. 
This  little  crustacean  also  occurs  near  the  top  of  the  upper  coal- 
measures  of  England,  and  in  the  Permian  beds  of  Saxony. 

Having  now  attempted  to  fix  the  upper  limit,  I  next  propose 
the  "  Slaty-band"  ironstone  as  a  base  for  the  upper  coal-measures, 
restricting  the  term  Slaty-band  to  an  ironstone  wrought  for  upwards 
of  twenty  years  at  Crofthead,  in  the  parish  of  Whitburn,  in 
Linlithgowshii'e,  and  first  discovered  there.  The  reason  for  adopting 
this  band  as  a  base,  is  founded  solely  on  palceontological  grounds, 
it  being  the  horizon  where  Brachiopods  are  fii'st  found  in  our 
coal-measures  in  a  descending  series. 

If  this  base  was  universally  adopted,  it  would,  in  many  cases, 
be  a  saving  of  money,  and  prevent  many  disputes  among  mineral 
borers  and  mining  engineers,  who  generally  reckon  three  "  Slaty- 
bands"  in  their  sections — an  upper,  a  middle,  and  a  lower — one  party 
placing  the  true  "  slaty"  in  the  middle,  and  another  at  the  bottom, 
or  in  its  normal  position.  Now,  if  we  take  palaeontology  as  our 
guide — which  is  more  to  be  depended  on  than  the  colour  or  texture 
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of  the  beds — 1  would  say  that  the  Slatyband  at  Crofthead, 
Belstone-biirn,  Carluke ;  at  Goodockhill,  and  the  lower  band  at 
Braco,  in  Shotts  parish,  are  all  on  the  same  horizon,  because 
Brachiopods  have  been  found  at  all  those  places,  but  no  higher. 
There  is  a  black-band  ironstone,  at  seventeen  fathoms  above  the 
Slaty-band,  wrought  at  Braco,  Stapend,  and  Bowhousebog,  in 
Shotts  parish,  and  at  several  places  in  New  Monkland,  which  some 
call  "  mid-slaty,"  but  place  it,  wrongly,  on  the  same  horizon  as  the 
Crofthead  "slaty;"  and  to  prevent  confusion,  this  ironstone  may  be 
called  Bowhousebog  black-band,  having  been  first  discovered  at  that 
place  :  it  contains  no  Brachiopods,  and  very  few  animal  remains. 
What  has  been  called  "upper  slaty"  is  very  local,  and  never 
found  worth  working.  These  bands  will  be  further  illustrated 
when  treating  of  individual  members  of  the  series. 

Descrijytion  of  the  various  heels  loith  their  organic  remains. — In 
this  section  I  propose  to  give,  in  descending  order,  a  short  descriptive 
list  of  the  workable  coals  and  ironstones  belonging  to  the  upper  coal- 
measures,  beginning  with  the  Palacecraig  ironstone.  This  ironstone 
lies  24  fathoms  above  the  "  Ell "  coal,  and  is  principally  wrought  in 
the  neighbourhood  of  Whiflet;  also  at  several  other  places,  but  too 
thin  for  a  profitable  working.  It  belongs  to  the  black-band  series, 
but  is  not  of  the  best  quality;  its  average  thickness  is  about  twelve 
inches.  Here,  and  above,  are  found  organic  remains  common  to  the 
coal-measures.  It  has  been  supposed  that  the  genus  Rhizodus  did  not 
exist  in  the  upper  coal-measures  from  the  absence  of  the  true  type 
of  teeth  belonging  to  that  genus;  but  having  lately  found  several 
of  these  teeth  in  the  Palacecraig  ii-onstone,  it  may  be  presumed  that 
they  exist  throughout  the  whole  of  the  upper  coal-measures.  These 
teeth  are  about  one  inch  and  a-half  long,  nearly  straight,  section 
elliptical,  with  two  cutting  edges. ^  The  same  teeth  are  found,  but 
more  plentiful,  in  the  lower  coal-measures,  and  always  associated 
with  a  large  scale,  usually  called  Rhizodus  Porllocki^  which  is  also 
abundant  in  the  upper  coal-measures,  and  will,  when  carefully 
examined,  probably  yield  several  species.  These  scales,  which  vary 
very  much  both  in  shape  and  size,  are  generally  about  one  to  two 
inches  in  diameter,  and  have  a  sub-central  boss,  I  have  made  a 
careful  dissection  of  some  of  them  vrith  muriatic  acid,  and  find 
them  to  consist  of  three  layers.     The  under  surface,  marked  by 

1  Since  the  above  was  written,  the  tooth  which  I  have  called  Rhizodus  has  been 
determined  by  Hancock  and  Atthey  to  belong  to  a  ve^iila—Pternplax  cormda. 
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concentric  lines  of  growth,  being  removed,  reveals  the  second  or 
middle  layer,  consisting  of  radial,  slightly  waved  lines,  less  than 
their  own  diameter  apart,  with  irregularly  placed  concentric 
markings.  The  tliird,  or  outer  layer,  is  a  very  fine  structure,  and 
scarcely  visible  to  the  naked  eye.  The  concealed  portion  of  iLo 
scale  is  covered  with  a  finely  granular  or  reticulated  structure,  the 
exposed  portion  with  elongated,  confluent  tubercles,  running  in 
various  directions,  and  occasionally  forming  loops,  giving  to  the 
exposed  portion  of  the  scale  a  vermicular  appearance.  Between 
the  concealed  and  exposed  portions  of  the  scale  there  is  no  line  of 
separation,  the  one  structure  gradually  merging  into  the  other. 
There  is  another  scale  generally  found  with  the  above,  but  much 
larger  and  thinner,  having  a  structure  somewhat  similar,  which, 
I  believe,  has  now  been  associated  with  a  tooth  called  tStrepsodas. 

About  15  fathoms  above  the  "  EU"  coal,  the  highest  coal  in  the 
Clyde  basin  is  found,  generally  known  as  the  "upper"  coal.  In 
the  neighbourhood  of  Glasgow  it  is  of  good  quality,  and  attains 
a  thickness  of  three  or  four  feet;  but  out  of  that  district  it  is  seldom 
wrought  on  account  of  its  thinness  anl  inferior  quality.  The 
"Ell"  or  "Mossdale"  coal  of  some  localities  is  a  well  kDown, 
and  generally  a  very  persistent  seam,  extending  from  Glasgow  to 
Carluke,  occupying  both  sides  of  the  Clyde.  It  is  a  soft  coal  of 
excellent  quality,  having  a  variable  thickness  of  3^  to  14  feet. 
The  name  is  derived  from  an  old  measure  of  length,  the  "  ell,"  of 
five  quarters  or  45  inches. 

The  "Pyotshav/"  coal  lies  from  7  to  10  fathoms  below  the  Ell, 
and  is  from  3  to  5  feet  in  thickness;  and  the  Main  Goal,  about 
the  same  thickness,  is  often  foimd  lying  close  to  the  bottom  of  it, 
forming  the  "  nine-foot "  coal,  but  there  is  often  a  distance  of 
seven  fathoms  between  them. 

These  last  coal-beds  have  not  been  thoroughly  searched  for  or- 
ganic remains,  as,  in  working,  part  of  the  coal  is  left  to  form  the 
roof,  thereby  preventing  any  shale  being  brought  to  the  surface. 

I  have  hitherto,  purposely,  passed  over  the  organic  remains 
belonging  to  the  above  beds,  considering  it  would  be  better,  and 
save  repetition,  to  put  into  groups  those  common  to  all  the  beds, 
and  afterwards  introduce  anything  new  or  peculiar  as  it  occurs. 
This  arrangement  will  not  lessen  the  value  of  this  paper,  as  it  will 
be  accompanied  by  a  synoptical  table  containing  all  the  species  as 
far  as  they  have  been  determined. 
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Group  First. 

Shells. — Of  the  genus  Anthracosia,  the  S2:)ecie3  A.  acuta,  A. 
aquilina,  A.  oralis,  A.  centralis,  and  A.  phaseola  are  found  in  most  of 
the  beds  down  to  the  Kiltongue  coal,  but  no  farther.  Anthracomya 
modiolaris,  and  Anthracopteroj  carinata  and  A.  mocliolaris  prevail 
in  most  of  the  beds. 

Entomostraca. — BeyricJda  arcuata,  Cythere  fahulina  and  C 
Eaiikiniana  are  all  that  have  been  found  in  the  upper  coal-measures, 
and  are  met  with  in  most  of  the  beds. 

Group  Second. 

Fish  Remains. — The  following  genera  pervade  all  the  strata : 
Platysomus,  Codacanthus,  lihizoclus,  Megalichthys,  Ehizodopsisy 
Pleur acanthus,  Strepsodus,  Ctenacanthus ;  Palceoniscas  Monensis, 
and  P.  Egerto'iii  are  plentiful,  with  many  others  of  the  same  genus ; 
but  as  the  scales  of  these  fish  vary  so  much  on  different  parts  of 
the  body,  it  becomes  very  difficult  to  determine  new  sjoecies,  unless 
entire  speci'.nens  could  be  examined. 

Annelids. — The  Sjnroruis  caihonarius  extends  through  all  the 
upper  coal-measures,  in  many  cases  adhering  to  shells  and  plants. 

The  "Humph"  coal  is  found  at  ten  fathoms  below  the  last 
mentioned  coal,  and  is  generally  too  thin  to  be  profitably  wrought, 
until  the  thicker  seams  are  exhausted.  The  next  coal,  the  "Splint," 
or  "Lady  Ann"  coal,  lies  about  seven  fathoms  below  the  "Humph," 
and  is  of  the  best  quality,  its  thickness  varying  from  three  to  five 
feet.  At  the  horizon  of  this  coal  the  Gyracanthus  formosus  and 
Anthracomya  modiolaris  appear  to  have  attained  their  meridian;  and 
although  found  both  above  and  below  this  point,  are  not  plentiful. 
It  has  been  suggested  that  Gyracanthus  formosus  and  G.  tuherculatus 
belong  to  the  same  species;  but  I  have  never  found  the  tuberculated 
form  in  the  upper  coal-measures,  and  after  a  search  of  a  quarter  of  a 
century  I  have  only  met  with  one  specimen,  which  was  obtained  in 
the  lower  limestone  series  of  Lanarkshire.  There  is  another  shell, 
Anthracoptera  quadrata,  whicli  appears  to  have  had  a  very  limited 
range,  being  seldom,  if  at  all,  seen  beyond  the  region  of  the 
Splint  coal. 

The  next  seam  is  the  "  Sour-milk,"  or  "  Virgin  "  coal,  at  three 
fathoms  below  the  Splint,  and  very  seldom  wrought. 
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The  next  seam  is  the  celebrated  Airdrie  blackband  ii'onstone, 
discovered  by  David  Mushet,  about  the  beginning  of  tlie  present 
century,  but  very  little  used  till  after  the  year  1830.  It  lies  abo".t 
12  fathoms  below  the  last  coal,  and  has  an  average  thickness  vf  16 
inches.  It  is  now  nearly  all  wi'ought  out.  This  ironstone  is  at 
present  wrought  at  Quarter  Ironworks,  in  the  ncighboui'hood  of 
Hamilton,  but  is  inferior  and  much  thinner  than  in  the  Airdrie 
district.  Ctenoptychius  serratus  and  C.  dentatus  have  been  found  in 
this  ii'onstone ;  also  a  scale  called  lihonihoptijcUius^  which  I  have  not 
seen  elsewhere ;  and  lately  a  new  species  of  Megalichthjs  has  been 
found  in  the  same  bed  at  Quarter.  There  is  a  soft  band  of  iron- 
stone at  about  three  fathoms  below  the  Airdrie  blackband,  18 
inches  thick,  but  not  wrought  at  present. 

The  next  coal  is  the  "Virtue  Well,"  about  15  fathoms  below 
the  Airdrie  blackband ;  its  usual  thickness  is  about  2  J  feet,  and 
has  been  long  wi'ought  in  the  east  end  of  Shotts  parish,  where  it 
takes  the  name  of  the  "Benhar"  coal,  4J-  feet  thick.  This  coal  is 
generally  of  good  quality,  and  in  the  CI  jland  district  it  is  hard  and 
splinty,  and  used  for  ii'on  smelting  under  the  name  of  the  Cleland 
"WeJ"  coal. 

In  the  Virtue  Well  coal,  the  remains  of  Gyrolepis  are  first  met 
witli,  and  they  are  occasionally  found  in  the  beds  below  it.  Also 
some  palate  teeth,  which  appear  to  be  confined  to  this  bed;  one  has 
very  much  the  appearance  of  the  Climaxodus  of  jM'Coy;  another,  of 
a  very  peculiar  form,  is  not  yet  determined.  There  is  a  species  of 
Anthracosia  found  in  this  bed,  probably  now,  the  smallest  of  that 
genus  being  about  the  size  of  a  large  pea.  In  this  coal  and  in  the 
Aii-diie  Blackband,  Anthracosia  centralis  is  abundant,  but  does  not 
extend  much  beyond  these  beds. 

There  is  an  ironstone  2  fathoms  above  this  coal,  called  the  Cleland 
"rough  band,"  averagdng  six  inches  thick,  but  seldom  workable, 
except  at  Cleland  and  Newarthill.  The  next  band  is  the  Bellside 
ironstone,  at  six  fathoms  under  the  Vii-tue  Well  coal.  It  is  a 
blackband,  six  inches  thick,  and  of  excellent  quality,  but  very 
local,  being  only  wrought  at  Bellside  and  Greenhill,  in  the  parish 
of  Shotts. 

At  eleven  fathoms  below  the  Bellside  ironstone,  occurs  one  cf 
those  mussel-bands  so  often  met  with  in  the  upper  coal-measures, 
and  generally  known  as  the  Kiltongue  mussel-band.  It  is  not  intro- 
duced here  as  being  of  much  economic  value,  but  as  a  well  known 
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point  in  our  strata,  being  never  absent,  as  far  as  I  have 
knoYv'n.  The  Kiltongue  coal  is  six  fathoms  below  the  last  band, 
and  from  two  to  five  feet  thick.  It  appears  to  be  in  its  best 
condition  in  the  Monk]  and  district,  and  is  not  found  in  the  Glasgow 
field.  At  Carluke  it  is  the  fii'st  coal  in  the  Castlehill  section.  In 
the  parish  of  Shotts,  its  position  is  occupied  by  a  number  of  thin 
seams  of  a  few  inches  thick.  At  several  places  in  New  Monkland 
parish  the  position  of  this  coal  is  occupied  by  Calderbraes  ironstone, 
a  blackband,  about  nine  inches  thick,  ha^dng  a  good  gas-coal  of 
about  the  same  thickness,  and  some  free  coal  accompanying  it. 

The  next  coal  is  the  "  Drumgi-ay,"  occurring  at  eight  fathoms  below 
tlie  last,  and  is  one  of  the  most  important  points,  in  a  palseontological 
point  of  -vdew,  in  the  whole  section;  as  it  is  here  that  a  test  has 
been  found — in  its  organic  remains, — which  clearly  distinguish  it 
from  all  the  other  beds  that  have  already  been  passed  through;  and 
well  it  is  so,  as  no  point  in  the  section  has  been  more  disputed  than 
the  true  position  of  the  Drumgray  coal. 

I  will  set  aside  the  palseontological  test  for  the  present,  and 
treat  the  subject  in  the  usual  way,  or  in  the  language  used  by 
those  who  devote  themselves  to  the  discovery  of  minerals: — Fii'st: 
the  Kiltongue  is  the  first  coal  under  the  Virtue  Well,  but  as  that 
coal  is  very  often  out  of  the  section,  the  second,  or  Drumgray  coal, 
becomes  the  first,  and  is  called  the  Kiltongue  coal  in  many  places 
at  the  present  day.  Second:  perhaps  nowhere  in  the  section  is  the 
distance  so  variable  as  that  from  the  Virtue  Well  to  the  Drumgi*ay 
coal,  ranging  as  it  does  from  24  to  upwards  of  40  fathoms,  and 
some  of  those  experts  who,  perhaps,  have  drilled  half  their  lifetirpe 
in  strata  where  they  have  found  the  Dnimgi^ay  at  24  fathoms, 
would  hesitate  to  go  much  farther,  on  the  supposition  that  they 
had  already  arrived  at  its  position.  I  will  now  apply  the 
palseontological  test  to  this  disputed  point.  It  will  have  been 
observed  that  in  the  difierent  beds  already  joassed  through  no 
mention  has  been  made  of  Anthracosia  rugosa  or  its  varieties. 
They  are  first  met  '^T.tli  in  the  Drumgray  coal,  and  all  other 
species  of  that  genus  having  now  disappeared,  it  may  therefore 
be  laid  down  as  a  i-ule,  that  the  first  coal  under  the  Vii'tue  Well 
seam,  containing  Anthracosia  rugosa,  is  the  Drumgray.  And 
further — there  is  a  zone  of  upwards  of  50  fathoms  in  depth, 
beginning  at  the  Dinimgray  coal,  and  terminating  at  several 
fathoms  above  the  slaty-band,  occupied  exclusively  by  difierent 
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varieties  of  Anthracosia  rugosa.  This  coal  is  extensively  wrought 
in  the  neighbourhood  of  Shotts  Iron  Works,  under  the  name 
of  the  "furnace  coal,"  and  is  the  second  or  "two-foot"  coal  in  the 
Castlohill  section;  at  both  of  those  places  a  clay-band  ii'onstone  is 
found  above  the  coal,  of  a  workable  thickness,  and  is  at  present 
wrought  in  'the  vicinity  of  Shotts  Iron  Works.  Of  fish  remains, 
a  species  of  Musolepis  has  been  found  in  this  bed,  and  a  gi'eatcr 
variety  of  palates  than  in  any  other  p:\rt  of  the  section.  Pleurodus 
llcmkinii  appears  to  be  nearly  confined  to  this  bed,  but  Pleurodus 
affinis  must  have  had  a  wider  range,  as  I  have  found  it  in  the 
Palacecraig  ironstone.  It  likewise  contains  Hclodus,  Cladodus, 
and  Pcecilodus.  A  coal  sometimes  occurs  at  seven  fathoms  below 
the  last,  called  the  Shotts  "Low"  coal,  but  is  seldom  seen  in  the 
section ;  and  at  Shotts  Iron  Works — the  only  place  I  have  seen  it 
wrought, — it  has  a  thickness  of  two  feet. 

The  next  coal  is  the  "  little"  Drumgi-ay  or  Shotts  '*  smithy-coal," 
eight  fathoms  under  the  last — average  thickness,  22  inches.  This 
is  the  third  coal  in  the  Castlehill  section,  and  is  probably  the  la.st 
and  the  present  coal  united,  as  it  measures  4  feet  in  thickness  at 
Castlehill. 

I  now  enter  on  a  coal-field  very  little  known,  and  but  sparingly 
developed.  In  the  West  of  Scotland,  no  pits  have  been 
sunk  below  the  "little"  Drumgi-ay,  but  from  journals  of  boring, 
there  appears  to  be  no  workable  seam  between  that  coal  and  the 
Slaty-band  ironstone ;  but  in  the  east  end  of  Shotts  j^arish,  at 
Crofthead  and  Ai'madale,  both  in  Linlithgowshire,  and  bordering 
Shotts — also  partially  developed  at  Castlehill,  in  Carluke  jiarish — 
there  are  generally  five  workable  coals  between  the  "  little " 
Dinimgray  and  slaty-band  ironstone. 

First. — Shotts  gas  coal,  six  fathoms  under  the  last,  and  about 
three  feet  in  thickness,  with  a  half-made  black-band  a  few  inches 
thick  in  the  centre.  It  only  exists  as  a  gas-coal  in  the  central 
district  of  Shotts  parish  and  at  Armadale,  near  Bathgate.  In  the 
east  and  west  districts  of  Shotts  and  the  Monklands  it  exists  as  a 
very  clean  crystalline  coal  about  a  foot  thick.  Ctenodus  and 
Acanthodes  are  found  here. 

Second. — This  is  called  the  four-foot  coal  at  Crofthead,  but  is 
generally  about  three  feet,  and  corresponds  "s\*ith  the  ^Nlill  coal 
in  the  Armadale  district  where  it  is  two  feet  thick.  It  is  about 
fifteen  fathoms  below  the  gas  coal. 
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Third. — At  nine  fatlioms  lower  tliere  is  a  two-foot  coal  whicli 
corresponds  to  the  Collinsliields  coal  in  the  Armadale  section. 
In  that  locality  there  is  generally  a  workable  ball  ironstone  above 
the  coal  in  some  places  taking  the  form  of  a  band  ironstone  of  two 
feet  thick,  and  from  its  appearance  is  called  the  "  wliite  ii'onstone," 
and  is  of  oolitic  structure. 

Fourth. — Five  fathoms  lower  there  is  a  two-foot  coal  correspond- 
ing to  the  four-foot  or  Main  coal  at  Armadale.  Three  fathoms  below 
this  coal  the  last  of  the  mussel-bands  is  got  corresponding  to  the 
position  of  Bowhousebog  ironstone. 

Fifth. — This  is  the  Crofthead  coal  and  the  Coalinburn  coal  of 
the  Armadale  section.  It  is  ten  fathoms  under  the  last,  and 
generally  two  feet  thick. 

I  have  now  arrived  at  the  lowest  bed  of  the  upper  coal-measures, 
the  slaty-band  ironstone  found  at  an  average  distance  of  10 
fathoms  below  Crofthead  coal.  This  is  also  the  position  of  the 
celebrated  Boghead  gas  coal  or  Torbanehill  mineral  j  but  this 
has  been  disputed,  generally  by  strangers  who  have  visited  the 
locality  and  casually  examined  the  section.  In  "  The  Geologist" 
some  years  ago,  there  is  a  "  Sketch  of  the  Torbane  Mineral  Field," 
by  Mr.  Andrew  Taylor,  where  he  says — "It  occupies  a  small 
mineral  basin  some  two  or  three  miles  in  area,  lying  immediately 
above  the  mountain  limestone,  but  stratigraphically  distinct  from  the 
upper  Lanarkshire  coal  measures."  That  it  is  not  stratigraphically 
distinct  from  the  upper  coal-measures  of  Lanarkshii-e,  but  one 
of  the  lower  beds  of  that  series  will  be  apparent  from  a  careful 
inspection  of  the  foregoing  section,  where  I  have  made  a  comparison 
of  the  coal  beds  above  the  slaty-band  at  Crofthead  with  those  at 
Armadale  near  Bathgate,  lying  above  the  Boghead  gas  coal,  and 
find  them  to  agree  generally.  But  a  more  important  test  is  the 
finding  of  Anthracosia  rugosa  in  the  Bathgate  beds  which,  as  I  have 
already  proven,  is  characteristic  of  the  lower  beds  of  the  upper  coal- 
measures  of  Lanarkshii-e.  I  hope  these  remarks  will  be  sufiicient 
to  prove  the  true  position  of  the  Boghead  gas  coal  without  entering 
further  into  the  discussion  for  which  I  possess  ample  materials. 

The  slaty-band  ironstone  is  a  black-band  of  the  best  quality,  and 
has  been  wrought  at  Crofthead  for  about  twenty  years.  It  is 
generally  about  ten  inches  thick,  but  sometimes  it  attains  a  thickness 
of  twenty-two  inches.  It  has  been  found,  and  partially  wrought,  at 
Castlehill  in  Carluke  parish.     It  has  also  been  found  to  the  south- 
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West  of  Quarter  Iron  Works  near  Hamilton.  A  large  fi<?kl 
of  it  is  at  present  being  opened  np  in  the  east-end  of  Shotts 
parish,  which  is  a  part  of  the  Crofthead  mineral  field.  In 
the  central  district  of  Shotts  parish  this  ironstone  is  wrought  at 
several  places  between  Goodockliill  and  Braco,  but  is  very  much 
faulted.  Bovvhousebog  ironstone  lies  seventeen  fathoms  above 
this,  and  is  of  excellent  quality,  thickness  about  two  feet.  These 
two  bands  have  never  been  found  in  the  same  section  except  in  one 
pit  —  at  Braco  —  which  is  sufficient  to  establish  their  relative 
position.  In  the  ironstone  at  Goodockliill  are  found  veins  of  galena 
running  at  right  angles  to  the  stratification,  varying  in  thickness 
from  a  quarter  of  an  inch  to  that  of  wi-iting  paper.  In  cavities 
of  this  ironstone,  quantities  of  mineral  pitch  have  been  fuund 
both  in  a  fiuid  and  solid  condition.  It  has  likewise  been  obtained 
in  Crofthead  ironstone  in  a  solid  condition,  and  highly  elastic. 
The  ironstone  at  Goodockliill  has  been  wrought  at  six,  four,  and 
two  feet  thick,  thinning  out  to  a  few  inches,  and  again  swelling 
out  to  its  usual  thickness. 

Borjhead  Gas  Coal. — This  coal  is  about  20  inches  thick;  in  some 
places  it  thins  out  to  a  few  inches,  and  is  then  accompanied  by  a 
black-band  ironstone — the  slaty-band.  In  some  places  the  coal  is 
entirely  awanting,  its  place  being  then  occupied  by  the  ironstone, 
in  a  workable  condition. 

I  have  already  stated  that  the  Crofthead  and  Coalinburn  coals 
occupy  the  same  stratigraphical  position  at  10  fathoms  above  the 
slaty-band;  and  if  distance  alone  could  determine  points  in  the 
strata,  Boghead  coal  ought  to  lie  10  fathoms  under  Coalinburn 
coal;  but  this  does  not  prevail  in  Bathgate  district,  the  distance 
being  usually  four  feet  to  about  5  fathoms:  but  this  shortening  of 
the  usual  distance  may  be  accounted  for  by  the  thinning  out  of 
the  sandstone  beds  that  are  usually  found  above  the  slatv-band, 
generally  four  to  six  fathoms  thick. 

The  organic  remains  in  the  slaty-band  are  not  very  abundant; 
in  many  cases  only  single  specimens  have  been  got,  and  it  has 
taken  many  years  of  diligent  research  to  collect^the  following  list. 

The  Brachiopods  arc — Discina  niiida  and  Lingula  mytiloides. 
The  other  shells  are — Conularia  qiiadrisulcata,  Axiaus  deltoideus 
a  Murchisoniaj  and  a  portion  of  a  Nautilus.  Associated  wdth 
these  truly  marine  shells  is  Anthracoptera  modiolaris.  It  uas  in 
this  ironstone  that  the  first  nearly  entire^specimcn  of  a  macroui'ous 
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decapod  Cmstacean  was  found,  for  which  Mr.  Salter  proposed  the 
genus  Anthrapalcemon. 

Lepidostrohi  are  abundant,  from  six  to  fourteen  inches  in  length; 
Lepidopliillwin  lanceolatuyn,  various  Lepidodendra,  Ulodendron 
majus,  Alethopteris  lonchitica^  and  Stigmaria,  are  all  found  in  the 
ironstone. 

Twenty-two  fathoms  below  the  slaty-band,  an  ironstone  was 
wrought  many  years  ago,  locally  known  as  the  "  ginstane," 
consisting  of  two  clay  bands,  averaging  four  to  six  inches  each, 
and  separated  by  about  twelve  inches  of  shale.  This  ironstone  was 
formerly  wrought  for  the  supply  of  Wilsontown  Ironworks,  in 
numerous  shallow  pits  along  the  outcrop,  the  debris  of  which  are 
still  to  be  seen  scattered  over  the  fields  lying  between  Crofthead 
and  Levenseat.  The  only  pit  of  considerable  depth  was  begun  at 
the  outcrop  of  the  slaty-band,  and  conducted  down  to  the  "ginstane;" 
but  after  working  for  a  time  was  abandoned  as  unprofitable  In 
this  pit  some  beds  of  reddish  fireclay  were  got,  and  only  one 
seam  of  coal  six  inches  thick,  but  no  animal  remains,  except  the 
following  close  on  the  ironstone,  viz., — 

Discina  nitida,  Lingida  mytiloides,  Leda  attenuata,  Nucula 
gihbosa,  Pleurotomaria,  Goniatites  (both  imperfect)  Comdaria 
quadrisidcata,  and  Productus  semireticidatus  var.  Martmi. 

The  next  workable  band  is  the  "  Curly  "  ironstone,  and  as  this 
region  has  been  little  explored,  its  distance  from  the  "  ginstane" 
has  been  estimated,  from  the  dip  and  rise  of  the  minerals,  to  be  forty 
fathoms,  the  strata  consisting  chiefly  of  thick  beds  of  sandstone, 
and  some  fireclay. 

The  "  Curly  "  is  a  clay-band  of  excellent  quality,  but  very  irre- 
gular in  its  distribution,  consisting,  when  in  its  best  condition,  of 
large  irregular  shaped  masses,  some  of  which  weigh  nearly  a 
hundred  pounds.  It  is  chiefly  wi'ought  at  Levenseat  and  Muldron, 
in  the  parish  of  Westcalder  ;  also  at  Davisdykes,  in  Cambusnethan 
parish  ;  it  has  been  found  also  in  Carluke  parish.  The  pavement 
of  this  ironstone  is  generally  a  coarse  limestone — sometimes  absent 
— about  twenty  inches  thick,  and  entirely  composed  of  Strep' 
torhynchus  crenistria,  var.  Kellii. 

Levenseat  limestone  lies  twelve  fathoms  under  the  ironstone  last 
mentioned,  which  has  been  correctly  ascertained  from  a  bore  lately 
put  down.  Levenseat  is  an  elevated  ridge,  upwards  of  1,100  feet 
above  sea-level,  on  the  confines  of  Midlothian  and  Lanarkshire,  and 


GROSSART — UPPER  COAL  MEASURES.  109 

parish  of  Westcalder.  At  the  east  end  of  this  ritlge,  which  terminates 
rather  abruptly,  a  limestone  has  been  wrought  for  a  century  and  a 
half;  at  least  ti-adition  tells  us  that  it  was  wrought  when  there 
were  no  roads  in  that  pai-t  of  the  country,  and  that  all  the  lime 
required  for  building  and  agricultural  purposes  was  carried  away 
in  baskets  or  bags,  slung  over  horses'  backs. 

This  limestone  is  of  excellent  quality,  and  about  nine  feet  thick, 
divided  by  a  parting  of  calcareous  shale ;  the  under  division  is  of 
the  usual  colour ;  the  upper  is  whitish,  or  near  the  colour  of  a 
newly  fractured  encrinite.  It  is  very  local,  and  although 
its  position  has  a  wide  range,  I  am  not  aware  if  it  has 
been  found,  except  at  Levenseat,  and  at  Standhill,  close  to  the 
chemical  works,  near  Bathgate.  In  Mr.  Charles  Maclarcn's 
work  on  the  Geology  of  the  Lothians,  it  is  stated  that  this 
lime  contains  no  fossils  ;  they  are  certainly  not  numerous,  but  the 
following  list  is  a  great  advance  on  twenty  years. 

In  the  shale  above  the  limestone,  Calamites  and  Lepidodendra  are 
found,  and  an  ironstone  ball  embedded  in  the  sliale  has  yielded 
Bef/ricJda /astigiata,  and  another  entomostracan.  There  is  a  good 
parafline  shale,  a  foot  thick,  a  few  inches  above  the  limestone, 
containing  scales  of  Megcdichthys  Hihherti^  Falceoniscus  Rohisoni, 
Palciioniscus  Egertoni  (?),  and  Gyrolepis  RanJcini,  Ctenacanthus, 
AccmtJiodes,  Petalodus  Ilastingsice  and  Orodus.  In  the  limestone 
and  calcareous  sliale  above  it,  are  found  Froductus  2^y^^ctaiii% 
P.  semirettculatiis,  Spirlfera  Urii,  S.  hisulcata,  Lingula  mytiloides^ 
Streptorhynchus  crenistria  (var.)  Kellii^  Lepiodomus  costeUatus,  and 
an  Orthoceras,  three  inches  in  diameter  (a  fragment  only),  also  a 
fragment  of  a  trilobite,  and  an  encrinite  stem  of  very  small  diameter. 

The  next  band  is  that  known  in  the  parish  of  Carluke  as  the 
"  Gare  limestone,"  varying  fi*om  four  to  six  feet  thick,  and  thirty 
fathoms  under  the  Levenseat  limestone.  This  lime  has  yielded 
many  rare  and  beautiful  specimens,  and  is  so  well  known  to  most 
members  of  this  Society  that  I  will  not  occupy  space  with  any 
further  details. 

In  conclusion  I  may  state  that  the  distances  given  in  the  fore- 
going section  are  those  of  an  average — they  may  be  increased  or 
diminished  about  one  thii-d  to  suit  different  localities. 

]S[oTE. — The  genus  Anthracosia  appears  to  be  confined  to  tlie 
upper  coal-measures  of  Lanarkshire.  I  have  never  found  it  lower  in 
the  section,  neither  have  I  seen  it  in  any  collection  from  the  lower 
coal-measures. 
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LIST  OF  FOSSILS  FROM  THE  UPPEE  COAL-MEASURES  OF  LANARK- 
SHIRE, CONFINED  TO  THOSE  IN  MY  OWN  COLLECTION. 


Species. 
Spirorbis  carbonarius,  Murcli.  sp. 


ANNELIDA. 

Modes  of  occurrence  and  beds  m  which  they  are  found. 

In  shale,  often  adhering  to  plants  and  shells ; 

in  all  the  beds  of  the  upper  coal-measures. 


Beyrichia  arcuata,  Bean. 
Cythers  Rankiniana,  /.  cC-  K. 

fabulina,  /.  ct  K. 

pungens,  /.  <£•  K. 

Cypridina  primceva,  M^Coy. 
Estheria  tenella,  Jordan. 

Anthrapalaemon  Grossarti,  Salter. 


CRUSTACEA. 

In  shale  and  ironstone  balls,  from  Airdrie 
black-band  down  to  slaty-band. 

In  shale  and  ironstone,  from  the  splint  coal 
to  Shotts  gas-coal. 

This  species  has  always  been  found  to  accom- 
pany the  last. 

Only  in  Bellside  ironstone  and  in  a  ball- 
ironstone  above  Kiltongue  mussel-band. 

Rare;  in  black  shale  seven  fathoms  below 
Shotts  gas-coaL 

Abundant  in  black  shale  a  few  fathoms  below 
Palacecraig  ironstone,  and  only  found  in 
that  locality. 

In  the  slaty-band  and  Airdrie  black -band 
ironstone. 


Lingula  mytiloides,  Sow.  \ 
Discina  nitida,  PhlU.       ) 


BRACHIOPODA. 


In  slaty-band  ironstone. 


LAMELLIBRANCHIATA  (DIMYARIA) 

Anthracosia  acuta,  Sow. 


ovalis,  Mart. 

aquilina.  Sow. 
centralis,  Sovj. 

phaeola,  Sow. 
robusta,  Sow.  (rar.) 


Common  in  all  the  beds  down  to  the  Kiltongue 
coal ;  in  shale  and  ironstone. 

Ironstone  and  shale ;  Virtue  Well  coal  and 
Airdrie  black-band. 

In  all  the  beds  from  Kiltongue  coal  upwards. 

Rare;  Airdrie  black-band  and  Virtue  Well 
coal. 

Rare ;  Airdrie  black-band. 

Abundant;  in  all  the  beds  from  Drumgray 
coal  to  about  sixteen  fathoms  above  slaty- 
band  ironstone. 


sp.  nov. 


Virtue  Well  coal ;  in  shale. 


GROSSART — UPPER  COAL   MEASURES. 


Ill 


Anthracomya  modiolaris,  Sow. 

Anthracoptera  quadrata,  Sow. 

cariuata,  Sow. 

modiolaris,  Sow. 

Axinus  deltoidcus,  Pliil. 


Not  abundant;  in  sliale  and  ironstone  from  a 
point  above  the  Splint  coal  down  to  Shotta 
gas-coal  ;  some  line  casts  in  clay  shale 
above  the  splint  coal. 

Confined  to  the  region  of  the  splint  coal ;  in 
shale  and  ironstone  balls. 

In  shale  and  ironstone;  Kiltonguc  coal  to 
Shotts  gas-coal. 

Abundant  in  all  the  beds;  good  casta  often 
found  in  clay-shale. 

Rare;  in  slaty-band  ironstone  shale. 


Murchisonia,  sp. 


GASTEROPODA. 

In  shale ;  slaty-band  ironstone. 


PTEROPODA. 

Conularia  quadrisulcata,  Sow.  Very  rare ;  slaty-band  ironstone. 


Nautilus,  s-p. 


CEPHALOPODA 

Very  rare;  in  shale;  slaty-band  ironstone 


Amphicentrum  granulosum,  lludc. 
Acanthodcs,  sp. 
Cladodus  la^vis, 
Cladodus  conicus,  Ag. 

sp. 

Climaxodus  imbricatus,  M^Coy. 

Coelacantbus,  sp. 

Ctcnacanthus, 

sp. 


Cteuodus,  sp. 
Ctenoptychius  apicalis,  Ag. 

serratus,  Ag. 

dentatus,  Ag. 


PISCES. 

In  shale;  Drumgray  and  Virtue  Well  coala. 

Shotts  gas-coal;  in  shale  and  coal;  rare. 

Rare;  Airdrie  black-band. 

Virtue  Well  coal;  in  black  shale 

Drumgray  coal;  in  shale. 

Virtue  AVell  and  Drumgray  coals;  in  black 
shale;  rare. 

In  all  the  upper  coal  measures;  in  shale  and 
black- band  ironstone. 

In  all  the  beds;  more  abundant  in  the  upper 
divisions;  in  shale. 

Rare;  Drumgray  coal  and  beds  below  it. 

Shotts  gas-coal;  in  the  coaL 

Virtue  Well  and  Drumgray  coal;  in   black 
shale. 

Airdrie  black-band  and  Virtue  Well  coal;  in 
coal  and  ironstone. 

Airdrie  black-band;  not  plenty. 
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Gyracanthus  formosus,  Ag. 

Gyrolepis,  sp. 

Helodus  simplex,  Ag. 

IjBvissimus,  Ag. 

Mesolepis,  sp. 
Megaliclithys  Hibberti. 

sjy. 

sp. 

Palseonisciis  Egertoni,  Ag. 
Monensis,  Egerton. 


Hobisoni,  Ilib. 


Platysomus  parvulus,  Ag. 

Pleuracantlius  gibbosus,  Ag. 

Pleurodus  E-ankinii,  Ag. 
affinis,  Ag. 

Poecilodus  obliquus,  Ag. 
Pcecilodus,  sp. 
Pthizodus  Portlocki,  Ag. 

Phizodopsis  minor,  Ag. 
Rhomboptychius,  sp.  Huxley. 

Strepsodus  sauroides,  Huxley. 


lu  most  of  tbe  beds;  very  abundant  in  the 
splint  coal  region. 

Virtue  Well  and  Drumgray  coals  and  down- 
wards; in  shale. 

Drumgray  coal;  in  shale. 

Found  in  the  same  bed. 

Drumgray  coal;  rare;  in  shale. 

Everywhere;  in  shale  and  ironstone. 

Palacecraig  ironstone. 

Black -band  ironstone  at  Quarter. 

In  all  the  beds;  in  ironstone  and  shale. 

In  all  the  beds,  but  not  so  abundant  as  the 
last  species. 

In  several  places  under  the  Drumgray  coal; 
in  shale. 

Abundant  in  most  of  the  beds;  in  shale  and 
ironstone. 

In  all  the  upper  measures;  in  shale  and  iron- 
stone. 

Drumgray  coal;  not  plenty. 

Palacecraig  ironstone  and  Drumgray  coal;  in 
shale 

Drumgray  coal  and  beds  under  it. 

Drumgray  coal,  in  shale. 

Abundant  everywhere;  in   shale,  ironstone, 
and  gas -coal. 

In  the  same  beds  as  last. 

Airdrie  black-band  and  Virtue  Well  coal; 
rare. 

Abundant  everywhere;  in  shale   and  iron- 
stone. 


The  above  list  does  not  exhaust  all  the  species  found  in  the  upper  coal-measures, 
as  a  great  many  still  remain  undetermined,  and  the  beds  above  noted  only 
indicate  where  I  have  found  specimens,  and  a  further  research  may  greatly  extend 
their  range. 


PLANTS. 

In  collecting  plant-remains  from  the  upper  coal-measures,  I  have  not  bestowed 
the  same  care  as  on  the  other  organisms,  and  cannot,  therefore,  arrange  them  in 
their  several  beds  in  proper  order.     All  I  propose  is  a  simple  list  of  names  as  far  as 
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la 
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they  have  1)een  determined.  There  are  a  few  plants  belonging  to  the  list  requiring 
special  notice,  as  being  rare  and  probably  new  forms.  In  the  slaty-band,  which 
appears  to  have  been  a  stagnant  pool,  abundance  of  confervoid-looking  jjlants  are 
met  with,  consisting  of  clusters  of  long  narrow  tubes  aljout  the  twentieth  part  of 
an  inch  in  diameter,  resembling  our  recent  ConjufjatefP,  but  no  appearance  of  joints 
or  cell-divisons  have  been  detected  in  the  filaments.  Also  a  plant  resembling  the 
genus  Chara,  which  may  probably  be  AsteropkyUtes  chaj'cffonnis.  In  this  iron- 
atone  other  plant  remains  are  abundant,  especially  LepidoMrohi,  often  measuring 
fully  a  foot  in  length.  Some  of  these  arc  found  uncompressed,  having  a  diameter 
of  an  inch  and  quarter.  In  clay  shale  above  Shotts  smithy-coal  I  find  a  reedy - 
looking  plant,  a  specimen  before  me  measures  three  feet  in  length,  tapering, 
striated  longitudinally,  but  without  joints.  In  a  micaceous  sandy  fire-clay  al)ove 
Drumgray  coal,  I  find  what  appears  to  have  been  seed-vessels,  and  apparently  of 
two  different  species;  one  measures  2,^  inches  long  by  1  1-lOth  broad,  slightly 
dilated  in  the  middle,  the  one  end  a  little  wider  than  the  other.  Another 
measures  3  inches  long  by  G-lOths  wide,  and  of  equal  breadth  throughout.  These 
are  all  compressed,  with  a  surface  apparently  smooth,  their  outline  clearly  defined, 
with  no  apparent  fracture.  AsterophyllUes  foliosus  and  galioides.  Catamites 
npproximatus,  C.  cannwformls,  C.  nodosns.  Cardiocarpum^  one  species.  Cydopteris^ 
several  species.  Halonia,  one  species.  Lcpidodendron  dUatatiun,  L.  etegaus, 
L.  graclle,  L.  Sternljergii  Lepklophyllinn  tanceolatum.  Lepidostrohus  ornatua,  L. 
varlah'itis.  Lycopoditk,  one  species.  Lyginodendron  Land-'ibiirgti  Keiiropteris, 
several  species.  Alethopteris  lonchUka.  Sigillnria  ocu/ata,  L.  organum,  L. 
reniformh,  L.  Saidlii,  L.  tessellata.  Sphenopteris  dilatata,  and  a  few  more  species, 
Ulodendron  Llndkyanum,  L.  majus  and  L.  minus.  Walchia,  one  species.  There 
are  still  a  gi-eat  many  more  species  of  plant  remauis  which  I  have  not  been  able  to 
get  named. 


VIII, — The  Post-Tertiary  Fossiliferous  Beds  of  Scotland. 
By  Kev.  Henry  W.  Crosskey,  F.G.S.,  and  Mr.  David 
Bobertson. 

(Coiitiimcd  from  Vol   ii.,  page  ^Sl'. — Read  ^larch  20,  1S08.) 

II.— CUMBIiAE    COLLEGE. 

During  the  sinking  of  a  water  tank  (18G7),  a  bed  of  shell-bearing 
sand  was  exposed  near  the  College,  in  the  Isle  of  Cumbrae,  which 
nmst  be  classed  with  the  older  Arctic  deposits  of  the  "West  of 
Scotland.  We  were  kindly  aj)i)rised  of  its  existence  by  Mr. 
Lcvack,  and  found  the  depth  of  excavations  reached  to  be  7  feet, 
with  the  following  succession  of  deposits  : — 

Earth  mould, ....  1  .^  feet. 

Gravel, 4    feet. 

Shell-beai'ing  saud, H  feet  (not  pierced  through). 
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The  elevation  (obligingly  taken  for  us  by  Mr.  James  Brown, 
Engineer,  Millpoi-t)  is  32  feet  9  inches  above  high  ^vater  level ; 
and  the  bed  occurs  at  a  distance  of  about  200  yards  from  the 
shore,  measuring  from  the  high  tide  mark. 

The  excavation  was  made  on  the  road  side,  a  little  north  of  the 
College  gate,  upon  the  flat  of  slightly  elevated  ground,  on  which 
the  residence  of  the  Hon.  Mr.  Boyle  (termed  the  "  Garrison  ")  is 
built.  On  parts  of  this  flat  ground  beds  of  Nulliporc  are  met 
with,  belonging  to  an  old  sea  beach,  and  covered  by  a  few  inches 
of  mould,  which  has  the  appearance  of  being  a  late  addition  for 
agi-icultural  purposes.  The  Nullipore,  however,  is  remarkable, 
since  it  is  not  now  found  in  the  adjoining  bay. 

The  shell-bed  reached  during  the  workings,  which  we  propose 
to  term  the  Cumbrae  College  Deposit,  is  remarkable  among  the 
glacial  beds  of  the  Clyde  district,  through  containing  so  large  a 
proportion  of  sand.  Taking  7|-  lbs.  of  the  dried  material,  only  ten 
ounces  washed  away  through  a  sieve  of  96  threads  to  the  inch, 
leaving  6  lbs.  14  oz,  residue.  Of  this  residue,  1  lb.  is  composed  of 
gravel  and  broken  shells,  retained  in  a  sieve  of  -J  in.  mesh.  The 
fragments  of  rock  are  sandstone,  quartz,  trap,  and  schist;  the 
larger  pieces  being  mostly  water-w^orn,  while  the  smaller  are 
generally  angular  or  partially  rounded.  Some  of  the  smooth  stones 
appear  to  have  been  fractured  in  two ;  and  the  fractured  surface  is 
entirely  unvrorn. 

An  additional  interest  is  given  to  this  bed  by  the  presence  of 
plates  of  an  EcJiinus,  exhibiting  very  marked  peculiarities  which 
have  not,  so  far  as  we  are  aware,  been  hitherto  described.  "VVe 
first  observed  them  (1867)  in  the  glacial  shell-deposits  at  Uddevalla 
in  Sweden;  and  in  the  Post-Glacial  beds  at  Aafos  and  Ommedals- 
strand  near  Skien  in  Norway  ;  and  have  subsequently  found  them 
in  very  considerable  abundance  in  the  Cumbrae  Deposit. 

Our  first  impression  w^as,  that  the  singular  sculpturing  of  these 
plates  might  arise  from  erosion  ;  and  we  still  regard  this  as  a 
possible  explanation.  At  the  Cumbrae  College,  where  these 
peculiar  plates  occur  in  such  great  abundance,  we  have  not  yet 
found  a  spine  or  oval  plate  distinguishable  from  E.  Erdhachiensi's. 

Further,  although  the  plates  in  many  cases  seem  entire,  betray- 
ing no  obvious  marks  of  decay,  they  have  a  dull  and  lustreless 
siirface. 

On  the  other  hand,  the  plates  of  Eclnn^'.s  Drdha.cJilensis  in  the 
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same  bed  are  in  great  abuudance,  and  quite  entire.  The  uniformity 
of  the  pattern,  moreover,  in  the  new  plates  is  so  complete  and 
persistent,  that  it  scarcely  appears  possible  to  attribute  it  to  any 
accidental  wearing.  Neither  can  we  observe  in  any  plate  of  E. 
DrdhacJdensis  any  tendency  to  wear  in  the  same  way ;  or  any 
approximate  wearings  leading  up  to  the  jicculiar  form. 

On  forwarding  specimens  to  Prof.  Sars  at  Christ iania,  that 
eminent  naturalist  refers  them  to  an  undesciibed  speci«s. 

The  following  is  an  extract  from  the  letter  with  which  he 
favoured  us : — 

"The  state  of  the  ambulacral  pores  leaves  no  doubt  that  these  plates 
belong  to  an  Echinus,  but  of  what  genus  or  species  I  cannot  say. 

I  thought  for  a  moment  that  they  might  belong  to  E.  Drohachiemlt,  MuUcr, 
since  they  have  more  than  three  pairs  of  ambulacral  pores  arranf'cd  in 
arches  ;  and  that  the  peculiar  sculpturing  might  derive  its  existence  from 
decaj'.  But  on  examining  an  old  lialf  decayed  specimen  of  that  species,  I 
could  not  discover  anything  resembling  their  sculpture. 

I  have  also  compared  with  them  all  the  species  of  Norwegian  Echinu.-i 
which  I  possess,  but  find  no  agi-eement.  I  must  therefore  confess  that  they 
belong  to  an  Echinus  wholly  unknown  to  me — the  first  example  of  a  species 
from  the  Quaternary  Period,  not  now  living  on  our  coasts," 

The  following  is  a  descri])tion  of  the  plates  :-  - 

Echinus ■  ]      Plate  1. 

Interambulacral  plates;  furnished  with  a  primary  tubercle,  which 
is  embossed  round  with  a  five  sided  ridge.  The  plate  on  each  side 
of  the  tubercle  is  crossed  l)y  from  three  to  five  ridges,  arrow-shaped 
on  the  one  side  and  straight  and  wavy  on  the  other.  Two  or  three 
of  the  cross  ridges  bear  small  tubercles. 

Ambulacral  plate ;  furnished  on  one  end  with  a  curved  row  of 
live  pair  of  pores.  About  the  middle  of  the  plate  five  nairow 
ridges  run  down,  and  terminate  on  reaching  the  pores.  On  the 
other  end,  the  plate  is  crossed  by  two  or  three  arrow-shaped  ridges. 
One  or  two  tubercles  occur  on  each  plate.  Surface  of  the  plates 
dull  and  without  lustre. 

We  subjoin  a  catalogue  of  all  the  species  we  have  ourselves 
collected  from  the  Cumbrac  College  Deposit : — ^ 

1  "NVe  have  to  acknowledge,  ns  in  previous  papers,  the  kind  help  of  ISfr.  J.  (.', 
Jctl'reys  with  the  INIollusca,  and  3I1-.  II.  B.  Brady  with  the  Frraminifcra. 
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C  0  N  C  H I F  E  R  A. 


Anomia  ephipp'ium,  Linn. 

■ var.  aculcafa. 

Peden  MancUcus,  Mllller. 


Mytilus  edalis,  Linn. 


modiolus,  Linn. 

Kucula  tennis,  Montagu. 

var.  expansa. 

Leda  jyt/gmcea,  jMiinster, 

var.  gibbosa. 

A  ./■  in  us  flex  uosns,  Mont  agu . 
Ca rdiu m  fasciatu m,  Montagu. 

Norvegicum,  Spengler. 

Cyprina  Iskmdica,  Linn. 
Tellina  calcarea,  Chemnitz. 
Mactra  subtruncata,  Da  Co.?ta. 
Mya  truncata,  Linn. 
Saxicava  rugosa,  Linn. 
Pholas  crispata,  Linn. 


Moderately  rare ;  small. 

Rare;  small. 

Fragments  only.  The  rarity  of  this  shell 
is  noticeable  in  a  Clyde  bed;  although 
probably  dependent  on  merely  local  con- 
ditions of  the  sea  bottom. 

Moderately  rare;  some  specimens  greatly 
arched,  the  curve  of  the  concave  being 
more  noticeable  than  that  of  the  convex 
ridge. 

^[oderately  common;  large;  some  specimens 
measure  64  by  24  inches. 

Rare;  hy. 

Moderately  rare;  small. 

Rare. 

Rare. 

Rare. 

Rare;  moderately  large. 

Common;  large;  valves  united. 

Common;  large;  valves  united. 

Rare;  mature. 

Moderately  common. 

Rare;  fry. 

A  few  large  fragments;  superior  in  size  to 
any  now  living  on  the  shores  of  Cumbrae. 


GASTEROPODA. 


Chiton, ? 

Tectura  virginea,  Mtiller. 
Puncturella  Noachina,  Linn. 
Trochus  helicinus,  Fabricius. 

■  Grcenlandicus,  Chemn. 

Lacuna  divaricata,  Fabricius. 
■ puteolus,  Turtou. 


Rare  eroded  plates;  species  doubtfi 

Rather  rare;  moderate  size. 

Common. 

Rare;  yoimg. 

Rare  fragment  of  large  specimen. 

Moderately  rare. 

Rather  rare;  imperfect  examples. 
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Littorina  ohtumla,  Linn. 

llmata,  Loven. 

lltlorea,  Linn. 

Ii!s.'<oa  slrkitd,  Adams. 
—  pared,  Da  Costa, 

var.  intcrru}>l<t. 

Sb:nea  planorhis,  Fabricius. 
Ifomalofjyra  atomu-'^',  Philippi. 
Natka  affinis,  Gmelin. 
Cei'Uhium  retkulahun,  Da  Costa. 
Purpura  Icqiillus,  Linn. 
Bacclnum  undatum,  Linn. 
Troplion  truiicatus,  Strum. 
Fiisus  anti<2uus,  Linn. 
Pleurotoma  tuirkula,  Montagu. 

p>yramklal'i8y  Strom. 

—  vklacea,  Migb.  &  Ad. 

Utrkulus  obtums,  Montagu. 
. —  /iijaUnufi,  Turton. 


Moderately  common. 
Rare;  young. 
Common  and  large. 
Ratber  rare. 

Jlatber  rare. 

.Moderately  common. 

Rare. 

Ratber  rare  and  ratbcr  small. 

Rare;  fry. 

Ratber  rare;  moderately  large. 

Moderatel}'^  common. 

Ratber  rare. 

Rare. 

Moderately  common. 

Rare. 

Rare. 

Moderately  rare. 

Rare;  fry. 


Lepralia  Peach H,  Jobuston 


POLYZOA. 
Rare. 


CRUSTACEA. 


Bakuius  porcatus,  Da  Costa. 

crenatus,  Brng. 

Verruca  StrOmki,  Mtlller. 
Pcujurus  Bernliardu.'f. 


Moderately  common. 
Common. 
Moderately  rare. 
Rare.     A  claw. 


ECHIXODERMATA. 


Echinus  DrOhachknsis,  Miiller. 
Erhhiux,  up.  )Hn\  ? 


Common.  A  few  were  dug  out  wliolc,  but 
fell  asunder  in  tbe  attempt  the  workmen 
made  to  clean  tbem. 

Plates  common.     See  plate  T. 
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FORAMINIFERA. 

Qu'inquelocidbia  seminidum,  Linn. 

suhrotunda,  Mont. 

Lagena  sidcata.  W.  &;  J. 
— — —  Icevis,  Montagu. 

striata,  Mont. 

fjlohosa,  Mont. 

•  marr/hmfa,  Mont. 

new  variety. 

Litnola (undescribed  form). 

Dentalina  communis,  D'OrL. 
(elongate  attenuated  var. ) 
Pohjmorphina  communis,  W.  &  J. 

compressa,  D'Orb. 

BuUmlna  marglnata,  D'Orb. 
CassiduUna  crasso,  D'Orb. 
Truncatullna  lohafula,  Walker. 
Konlonlna  asierhans. 

Ill— LOCH  GILP. 

The  burn  in  tbe  excavated  banks  of  which  the  shell  clay  is 
found,  begins  in  the  marshy  ground  west  of  Baden  farm  head. 
A  few  years  ago  this  burn  was  deepened,  bringing  into  view,  here 
and  there,  shell-bearing  deposits  variously  overlaid  by  gravelly, 
peaty,  and  earthly  matter,  to  the  depth  of  5  to  10  feet. 

About  20  yards  below  the  bridge,  crossing  the  Crinan  Koad  to 
Lochgilphead,  there  ls  a  patch  of  sliell  clay  exposed.  None  appears 
again  for  two  or  three  hundred  yards,  when  another  patch  is 
reached  on  the  side  of  the  same  stream.  It  reappears  at  several 
other  points,  and  may  be  traced  for  some  distance  above  Baden 
farm. 

Beneath  the  shell  clay  is  the  true  boulder  clay — hard,  compact, 
and  with  the  following  characteristics  : — 

(1)  It  is  tinged  with  the  bluish  hue  of  the  surrounding  trap 
rocks. 

(2)  It  is  exceedingly  irregular  in  thickness,  and  curves  violently 
A\'ithin  a  few  vards. 
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(3)  Tlie  boulders  arc  cliiefly  schist  and  greenstouo,  aiid  very 
far  travelled  ;  and  finely  striated,  smootlicd,  and  polished. 

(4)  It  does  not  contain  the  slightest  vestige  of  a  shell. 

This  boulder  clay  rests  upon  greenstone  rock,  striated  in  horizon- 
tal or  i)artly  di])ping  grooves. 

It  is  not  succeeded  by  the  usual  laminated  clay  of  the  Clyde 
beds.  A  remarkable  sheli-lM'd  rests  immediately  upon  the  bouldei- 
clay. 

Tlie  line  of  junction  between  the  shell  bed  and  boulder  clay  is 
sharp  and  well  defined.  There  is  no  merging  of  the  shell  bed 
into  boulder  clay ;  and  no  gradual  transition.  The  separation  is 
sharp,  and  in  every  way  decisive. 

Scarcely  at  any  two  places  where  the  shells  appear  is  the  com- 
l)osition  of  the  deposit  alike.  Some  poi-tions  lose  by  washing  about 
10  per  cent.,  and  others  about  CO  jier  cent. 

In  some  parts  there  Ls  a  thick  blue  clay;  in  others,  a  mixture 
of  clay  and  sand,  varying  from  a  sandy  clay  to  a  clayey  sand. 

On  the  north  side  of  the  burn,  blue  clay  is  overlaid  with  about 
a  foot  of  gravelly  clay,  with  boulders  of  various  sizes  thickly 
intei'spersed,  not  unlike  a  shore  shingle.  In  this  gravelly  clay, 
2fya  truncata  is  exceedingly  i)lentiful  in  its  natural  boring  posi- 
tion, with  both  vahes  united.  The  Mija  truncata  also  occurs  in 
the  underlying  blue  clay  more  than  a  foot  and  a  half  lower  down. 

The  burrow  of  this  mollusc,  however,  never  exceeds  the  half  of 
that  depth,  and  consecpiently  the  2Iija  of  the  upper  bed  could  not 
have  been  contemporaneous  with  the  Mt/a  of  the  lower;  and  we 
have  the  record  of  successive  generations.  This  is  a  curious  and 
interesting  fact,  illustrating  the  gradual  nature  of  the  elevatory 
movement  during  at  least  one  part  of  the  glacial  epoch. 

The  fauna  of  the  shell-bed  is  most  abundant,  but  the  groui)iag 
of  the  shells  like  the  composition  of  the  deposit,  varies  at  diU'erent 
points.  At  one  spot  Jff/a  truncata  abound,  the  shells  being  thickly 
packed  in  a  sandy  matrix.  At  another,  this  shell  is  absent,  and 
Saxicava  riigosa  stands  in  its  natural  position,  and  Astarte  horealis 
is  found  with  united  valves.  The  smaller  shells  and  even  the 
Entomostraca  equally  vary  in  grouping  at  diftercnt  points.  "We 
have  in  fact  all  those  local  varieties  of  habitat  characterizing  a 
sea-bottom.  There  is  no  sign  of  any  confused  sweeping  of  one 
part  into  another. 

The  occurrence  of  the  shell-bed  in  patches  may  be  due  either  to 
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the  liiiramocky  character  of  the  surface  of  boulder  chiy,  over  which 
the  shell-bearing  deposit  is  spread,  or  to  abrasion  from  above.  Of 
the  former,  we  have  good  illustrations  in  many  of  the  brick  fields 
near  Paisley,  where  knolls  of  boulder  clay  rise  up  through  the 
laminated  clay,  and  at  some  places  reach  the  surface.  At  AVest 
Barns  brickfield,  near  Dunbar,  the  stratified  clay  rests  on  hummocks 
of  sandy  gravel.  Of  the  process  of  abrasion  from  above,  we  have 
a  good  instance  on  the  shore  at  high  water  mark,  a  little  east  of 
Helensburgh,  where  a  patch  of  shell-bearing  clay  is  lying  in  a  rent 
or  gully  of  boulder  clay,  and  has  been  worn  down  to  a  level  with 
the  beach. 

It  has  been  already  noted  that  Mya  Uddavellensis  occurs  in  its 
natural  position.  This  shell  may  be  collected  in  hundreds  ;  and 
in  many  cases  the  syphon  itself  is  preserved,  although  it  rapidly 
decays  on  exposure  to  the  air. 

At  one  point  the  shell-bed  dips  under  the  stream  ;  and  it  is 
exceedingly  curious  and  instructive  to  see  the  bed  of  a  fresh- water 
stream  literally  paved  with  the  valves  of  Mya.  This  fact  illustrates 
how  marine  and  fresh  water  shells  may  have  become  mixed  in  past 
ages ;  and  how  shells  of  different  epochs  and  implying  entirely 
different  climatic  conditions  may  be  found  imbedded  in  the  same 
strata. 

At  Lochgilp,  in  the  present  day,  the  remains  of  the  existing 
animals  of  a  fresh  water  burn  are  being  mixed  with  the  marine 
fauna  of  the  glacial  epoch. 

Mya  truncata  occurs  in  every  variety  of  form,  leading  up  to 
Mya  Uddevallensis,  which  is  equally  abundant.  In  fact,  a  series 
of  specimens  may  be  collected — some  A\TLth  the  squat  form  and  the 
deeply  curved  pallial  line  ;  others  with  the  elongated  form  and  the 
less  deeply  curved  pallial  line,  characteristic  of  J/.  Uddevallensis,  and 
others  typical  of  the  extremer  types  of  both  species.  It  is  thus 
often  difficult  to  tell  to  which  so-called  sjiecies  a  special  specimen 
may  belong. 

A  few  boulders  are  scattered  through  the  shell  bed,  but  they  are 
not,  generally  speaking,  striated  like  those  in  the  clay  beneath, 
although  grooved  and  polished  specimens  occasionally  occur.  The 
change  is  almost  as  great  from  striated  to  unstriated  imbedded 
stones,  as  from  the  absence  of  afcumato  its  abundant  development. 

The  boulders  in  the  shell  bed  are  often  covered  witli  serpul^e, 
and  evidently  therefore  must  have  been  stationarv  durins:  a  certain 
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peiiotl,  Tlioy  arc  small  in  size  compared  with  those  in  the  clay 
beneath. 

Above  the  shell  bed  in  one  locality  is  a  patch  of  fine  sand  (2  to 
3  ft.),  destitute  of  organic  remains ;  and  this  is  succeeded  by  a  bed, 
of  about  the  same  de])th,  of  feiTuginous  gravel. 

The  whole  of  these  deposits,  however,  vary  in  thickness  at 
different  points  in  the  section.  In  some  jdaces  the  sand  thins  out : 
in  others,  the  gravel  disappears,  and  a  mere  bed  of  peaty  or  earthy 
matter  is  cast  over  the  shells. 

The  section  given  by  Mr.  Geikie  (Trans.  Geol.  »Soc.  of  Glas.,  vol. 
i.,  p.  137),  evidently  refers  to  one  spot  immediately  above  tlu^ 
bridge.  We  subjoin  a  catalogue  of  all  the  species  wo  have  our- 
selves collected  from  the  Lochgilp  beds  : — 


Ofoll/r  offish — species  .' 


VERTEBRATA. 
Rare. 


Anom'ia  ephipplum,  Linn. 

var,  ucuhafa. 

var.  squamula 

Fecten  Tslandicnfi,  AluUcr, 

Mytilus  modiolus,  Linn. 

cduHs,  Linn. 


CONCHIFERA. 

^Moderately  common;  small. 
Moderately  rare;  small. 
Moderately  rare. 


Fragments   only;    moderately   rare;    some 
fragments  belong  to  grown  shells. 

Common  at  one  or  two  points;  large;  much 
decomposed.     Pearls  common. 

Rare. 


Modlolarki  dlscors,  Linn, 

var.  hnihjata,  Gray.    Rare;  fry  only. 


Nucula  nucleus,  Linn. 

tenuis,  Montagu. 

Leda  pernula,  Midler. 

;>?/,7/»rm,  Mllnster, 

Lepton  nUhlum,  Turton. 
Montacuta  elevafa,  Stimpson. 


Rather  rare;  full  size. 

Rare;  fry  only. 

Moderately  common;  an  average  size;  valves 
united  occasionally. 

Rare;  young. 

Rare, 

Rare.  Two  valves  only.  This  shell,  identi- 
lied  by  Mr.  Jetiroys,  is  new  to  our  «,'lacial 
lists.  It  is  distinguishalile  from  J/. 
hkleutata;  and  is  not  British. 


A  ■'■in  11.^  JJ(  ruosus,  Montagu . 
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Axiniis  Jlexuosus,  var.  Gouldii. 
Cardium  echinatum,  Linn, 

fasciatum,  Montagu. 

cdule,  Linn. 

Cyprhia  Isloiidlca,  Linn. 

Astarte  sulcata,  Da  Costa. 

■— var.  elliptka,  Brown. 

compressa,  Montagu. 

boreaUs,  Chemnitz. 

Tdlhia  calcarea,  Chemnitz. 

fahida,  Gronovius. 

Scrohkularia  prismatka,  ^Montagu. 

a^6«,  Wood. 

Mya  truncata,  Linn. 


viir,   UddevallenfiU. 

Mya  arenarki,  Linn. 
Saxkava  rujosa,  Linn. 

Saxkava  rugosa.     Var.  ardka. 

21  y a  arctka,  Linn, 
var.  precka. 


iloderately  common;  full  grown. 

Eare;  full  size. 

Moderatel}^  common;  large  size, 

Rather  rare. 

Eather  rare;  one  large  valve  and  several 
young. 

Moderately  common. 

Full  grown. 

Moderately  common. 

Moderately  rare;  large  and  fine. 

Common  and  large,  A  characteristic  species. 

Eare;  young. 

Eare, 

^Moderately  common;  moderate  size. 

Common  at  one  point  only,  but  there  most 
abundant.  It  occurs  in  blue  claj^  and 
in  a  gravelly  layer  above  it.  Every 
transitional  form,  from  the  extreme  type 
of  31.  truncata,  to  the  extreme  type  of  the 
var.  Uddevallensk,  may  be  detected. 
In  natural  boring  position. 

Common;  and  associated  in  every  form  of 
the  variety  with  J/,  tnmcaia.  In  natural 
boring  position. 

l-.are.     One  single  valve  only. 

Common;  large;  found  imbedded  in  the 
bank  in  natural  position. 


Common, 

Eare,     One  valve. 


GASTEEOPODA. 


Chiton  ruler,  Linn, 

marmoreus,  Fabricius. 

cinereus,  Linn. 

Ilcdcion  pellucklum,  Linn. 
Tectura  vlryhiea,  Milller, 


Moderately  rare. 

Common. 

Eather  rare, 

Eare.     One  only;  large. 

Common.     All  stages  of  gTowth;  large  and 
characteristic. 


Puncturella  Noachina,  Linn. 


Common;  large  and  characteristic. 
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Trochus  Grcenlandiais,  Chemnitz. 

tumi  luf,  Chemnitz. 

cinerorlus,  Linn. 

Lacuna  dlvarkata,  Fabricius. 

jiaUidula,  Da  Costa. 

Littorina  littorea,  Linn. 
obdimta,  Linn. 

—  -  rudis,  Maton. 

limafa,  Liiven. 

Rissoa  violacea,  Dcsmarets. 

—    reticulata,  Adams. 
striata,  Adams. 

—  cancillata.  Da  Costa. 

striatida,  Jeffreys. 

parra.  Da  Costa. 

var.  interrvjilit. 

Shr.hca  planorhis,  Fabricius. 
llomalogyra  atomus,  Philippi. 
OdoMomia  wiidentata,  Montagu. 

spiralis,  Montagu. 

■ — -    turrita,  Hauley. 

■    pallida,  Montagu. 

conoidea,J^vocc\n. 

Natica  ajjinis,  Gmelin 
Cerithium  rctii-ulatum,  Da  Costa. 
Purpura  lapillus,  Linn. 
Buccinum  iindatuni,  Linn. 

Trophon  clatliratu/^,  Linn. 

•     truncatus,  Strrnn. 

Fus2(s  aiitiijuus,  Linn. 
Nassa  incrassata,  Strom. 
Pleurotoma  jvjramidalis,  Strum. 
violacea,  Migh.  &  Ad. 


Moderately  common. 

Moderately  common;  large. 

Moderately  common;  all  stages  of  growth. 

Moderately  rare.    Generally  small. 

liare;  fry. 

Common;  all  stages  of  growth. 

Moderately  common. 

Hare. 

liare;  young. 

Rare. 

Moderately  rar>'. 

Common. 

Rare. 

Rare. 

Common. 

Modcrattly  common. 

Rare. 

Common. 

Moderately  rare. 

Rather  rare. 

Rare. 

Rare. 

Common;  generally  small. 

Moderately  common  at  on  >  place  only. 

Rather  rare. 

Common;  all  stages  of  growth;  the  larger 
specimens  however  are  broken. 

Rather  rare.     Not  so  large  as  in  Dalmuir 
and  some  other  beds. 

Common  and  large.   . 

Rather  rare;  young  only. 

Mo  kratuly  common;  large,  arctic  form. 

Moderately  rare. 

^loderately  rare. 
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CUjUcltim  alba,  BroAvn. 

obstrlda,  Gould. 

Utriculus  obtusus,  ]Mont. 
AdiEon  tornatlll^,  Liuii. 


Moderately  rare. 

Eare. 

Rare. 

Eare. 


Membranipora  Flcmingii,  Busk. 
Lepralia  Peachii,  Johnst. 
Lepralia  concinna,  Busk. 
Crista  ebnrnea,  Linn. 


POLYZOA. 


VeiTuca  Stromki,  MtlUer. 
Balanus  porcatus,  Da  Costa. 
Hameri. 


CEUSTACEA. 
Common. 
Common. 


Moderately  rare;  remarkably  large  and 
fine;  one  specimen  could  hardly  be  dis- 
tinguished from  the  large  exami)les  com- 
mon at  Uddevella,  and  was  found  entire. 

^Entomostraca  arc  also  aliuudaiit,  and  will  be  subsequently  catalogued  ) 


Serpida  vermkularis,  Ellis. 
triqiietra. 


ANNELIDA. 

Eather  rather. 
Common. 


ECHINODEEMATA. 

Echinus  Drohackiensis,  Miiller.  Common. 

sphcera,  Miiller.  Moderately  rare. 

Sipunculus ?  Plasterwork  and  loophole, 

Dermal  spines  of  Asterldce. 

FORAMINIFERA. 

Cornuspira  foUacea,  Rhi^ppi, 
Biloculhm  rbifjens,  Lam. 

depressa. 

Triloculina  oblonga,  Montagu. 
Quinquelocidina  semimdurn,  Linn. 
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Quinqueloculina  subrotanda,  Monta^ai. 
Lcifjena  (jlohosa,  Montagu. 

semUtriata  (apiculatc  var.)  Will. 

xulcatd,  W.  k  J. 

squamosn,  Montagu. 

striata,  Montagu. 

hicon'tai,  Brady. 

Lituola  orata,  Brady,  M.S. 
Pohjmorphlna  ladca,  W.  &  J. 
Globifjcrina  huUoidcs,  D'Orb. 
Textularia  sagiltida,  Defrance. 
BuUmina  manjinata,  D'Orb. 
Di/^corhlna  rosacea,  DOrb. 
CasdduUna  ktvirjata,  D'Orb. 

crassa,  D'Orb. 

Truncatulinu  (oliatido,  Walker. 
Rotalla  orhkidar'ui,  D'Orb. 
Polystomella  crispa,  Linn. 

ftriato-punctata,  F.  &  M. 

Nonlonina  turtjlda,  Will. 

SPONGE. 

Cliuiia  celafa,  Grant.  Common. 

IV.— BOULDER  CLAY— CAITHNESS. 

For  the  general  description  of  the  Caithness  beds,  we  refer  to 
the  papers  of  Mr.  Jamieson  and  Mr.  Peach.  The  sections  we 
examined  were  at  Wick  Harbour,  Milton  Burn,  and  Bum  of 
Haster,  which  are  near  each  other  and  evidently  belong  to  the 
same  horizon,  so  that  they  do  not  need  sepai^ate  lists. 

The  fossiliferous  Boulder  Clay  is  a  hard  and  compact  mass,  with 
striated  and  polislied  boulders — in  appearance,  similar  to  that  in 
the  west  of  Scotland,  in  which  we  have  failed  as  yet  to  detect 
fossils.  It  varies  in  depth  from  4  to  25  feet,  and  is  generally 
overlaid  by  shingly  gi-avel,  more  or  less  thick,  and  in  some  places 
luunmockv,  which  is  succeeded  l)v  brown  earth.     The  shells  are 
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found  thinly  interspersed  from  to])  to  bottom  tlirougli  the  section, 
and  are  of  a  very  water  worn  and  fragmentary  character.  On 
some  fragments  of  Cyprina  Islandica  Mr.  Peach  has  observed 
gh^cial  strise.  They  appear  very  equally  distributed,  as  if  the 
whole  mass  had  been  mixed  up  and  kneaded  together.  The  shells 
can  only  be  obtained  with  any  degree  of  success  on  the  fiice  of 
weather  beaten  sections,  and  occur  very  sparingly. 

12  lbs,  of  the  dry  clay  lost  4  lbs.  in  washing  through  a  sieve  of 
96  threads  to  the  inch,  leaving  8  lbs.  residue;  of  which  2  lbs.  was 
retained  in  a  sieve  of  J  inch  mesh,  consisting  of  small  stones  more 
or  less  water  worn,  and  some  striated.  The  remaining  6  lbs.  was 
chiefly  sand. 

We  were  not  able  to  add  any  moUusca  to  the  species,  so 
laboriously  collected  by  that  able  naturalist,  Mr.  C.  Peach ;  but 
subjoin  a  list  of  Foraminifera,  which  contains  some  hitherto  un- 
noted sj)ecies,  and  is  of  considerable  interest : — 

FOEAMINIFERA. 

BilocuUna  ringens,  Linn. 
Triloculina  oblonga,  Montagu. 
Trochammina  inflata,  Montagu. 
Lagena  sulcata,  W.  &  J, 

marginata,  Montagu. 

glohosa,  Montagu. 

semi-striata,  Will. 

squamosa,  Montagu. 

costata. 

Jeffreijsil,  Brady. 

Dentalina  communis,  D'Orlx 
Crisfellaria  rotidata,  Lamk. 
Folymorphina  lactta,  W.  &  J. 

compressa,  D'Orb. 

Globigerina  huUoides,  D'Orb. 
Textularia  difformis,  D'Orb. 
BuUmina  marginata,  D'Orb. 


BuUmuia  pujooides,  D'Orb. 
.  CasaiduUna  Icevigata,  D'Orb. 
Discorhina  rosacea,  D'Orb. 
PlanorhuUna  MediterranensU,  DOib. 
Pulv'inulina  Caracalla,  Rammer  ? 
Rotalia  Beccarii,  Linn. 

V.-LUCKXOW  PIT,  ARDEER  IROX  WORKS,  AYRSHIRE. 

Unfortunately  \ve  were  not  aware  of  the  occurrence  of  a  sliell 
bed  in  the  bore  of  this  pit,  until  after  it  had  been  walled  from  the 
freestone  to  the  surface  with  stone  and  lime,  so  that  there  was  no 
opportunity  of  making  a  personal  examination.  We  are,  however, 
indebted  to  the  kindness  of  Mr.  Isaac  Christie  for  a  sketch  of  its 
cliaracter,  which  has  been  verified  by  the  engineer  ;  and  for  an 
o])portunity  of  examining  many  of  the  shells  which  were  discovered. 

Aliout  1 2  feet  down  through  the  sand,  a  bed  of  moss  was  passed 
through,  IJ,  feet  in  thickness. 

At  a  depth  of  GO  feet  the  shell  beds  were  reached. 

Mr.  Liddell  obligingly  informs  us  that  ''  the  shells  obtained 
during  the  sinking  of  our  Lucknow  pit,  were  found  at  a  depth  of 
about  10  fathoms  from  the  surfoce,  bedded  in  a  blue  loamy  sand, 
or  mud ;  this  santl  is  about  G  feet  thick,  and  lies  immediately 
above  the  blue  clay  on  the  top  of  the  freestone."  Mr.  Christie 
remarks  that  "  the  small  shells  were  in  thin  beds — the  larire  ones 
scattered  about  in  the  blue  mud.  There  were  six  feet  of  blue 
clay  below  mud,  and  then  rock." 

The  section  therefore  appears  to  haxc  been  the  following  : — 

Sand,   about .]2    feet. 

Moss,       .,  .   1.^    .. 

Sand,      ,,      -26^    ,, 

Shell  "mud''  or  blue  loamy  saml,  0      ., 

"Blue  clay," G      ., 

Sandstone  rock. 

From  the  character  of  the  shells  and  the  description  given,  wo 
have  in  the  case  of  this  pit,  either  a  shell  bed  in  which  arctic  and 
more  temperate  species  are  mixed  together,  as  is  the  case  in  several 
XorAvegian  post-tertiary  beds,  or  two  shell  beds,  the  one  resting 
upon  the  other,  were  ])asscd  through. 
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The  existence  of  a  younger  sliell  bed  superimposed  upon  an 
elder,  we  shall  have  occasion  to  trace  in  subsequent  divisions  of 
this  series  of  papers,  and  judging  from  the  section  exposed  in  the 
banks  of  the  Irvine  Water,  the  Lucknow  pit  furnishes  a  case  in 
point. 

Nine-tenths  of  the  shells  obligingly  sent  us  by  Mr.  Christie  are 
precisely  similar  to  those  which  may  be  collected  in  a  post-glacial 
bed  in  Irvine  Water — mixed  ^^'ith  these  however,  are  several 
purely  arctic  species. 

Mr.  James  Armstrong  collected  from  the  debris  at  the  mouth 
of  this  pit  one  of  the  most  remarkable  glacial  fossils,  viz., — a  well 
preserved  specimen  of  Leda  arctica;  and  amoDg  I\Ir.  Christie's 
specimens  other  arctic  species  occur. 

The  follo\\TJig  is  the  list  of  shells  which  may  be  classed  as 
glacial,  since  they  are  well  kno^\TL  as  such  from  other  beds  : — 

Leda  arctka—Xu.cida  Portlandka,  Hitchcock.  Two  valves. 

Astarte  horealis Two  valves. 

Cyprina  islandka Abundant. 

TelUna  cakarea  ......  One  valve. 

Natka  clausa  One. 

The  following,  from  the  reasons  given,  cannot  be  safely  classed 
as  '•  glacial,"  on  the  smiple  authority  of  this  pit,  although  some  of 
them  are  known  as  associates  of  glacial  shells. 


A  nomki  epliipplam 

3 

Specimens 

Ostrea  edulis          .... 

•   (Large) 

5 

., 

Pecten  operculark 

Cardium  echinatum 

■    Novegkum      . 

,, 

—    edide       .... 

,, 

V  urns  fo.scmta      .... 

Uncta          .... 

,, 

-     -     exoleta        .... 

,, 

Tapes  jndlostra     .                  ,         . 

decussata    .... 

Lutnirla  elllptka          .         .         .         . 

(Large) 
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Pafdla  vuhjata      ......  1  specimen. 

T I'or.hus  c'lnorarlas'        .....  4  ,, 

mafjn.i      .         .          .          .          .          .  1  ,, 

LWorina  obfnmfn                    .         .          .         .  1  ,, 

littorea (5  ,, 

Tarr'ddla  communis               .         .  1  ,, 

Purpura  Inpillus 1  ,, 

The  remarkable  fiict  connected  witli  tliis  list,  is  tlie  discoverv  of 
Leda  arctk(f. 

Leda  arctica  was  first  identified  as  a  Scotcli  glacial  fnssil  l)y  Dr. 
Torrell,  in  the  collection  made  by  llev.  Dr.  Brown  of  Edinburgh, 
at  Elie.  It  lias  subsequently  been  found  at  Montrose,  EitoI,  and 
other  localities  on  the  east  coast  of  Scotland.  At  Errol,  indeed, 
it  is  a  characteristic  shell,  occurring,  although  in  a  very  decayed 
state,  in  hundreds. 

The  Lucknow  pit  is  the  first  fossil  locality  in  which  it  has  been 
discovered  in  the  west  of  Scotland.  Mr.  Jeftreys  informs  us 
however,  that  he  once  dredged  in  the  western  waters  a  fossil  valve. 

The  discovery  of  Leda  arctica  in  the  western  beds  is  impoitant 
for  several  reasons. 

(1.)  It  aftects  the  argument  regarding  the  sujijtosed  colder 
and  older  character  of  the  beds  on  the  east. 

(2.)  The  question  arises,  whether  there  is  not  an  '' ui)]>er  and 
lower  "  among  glacial  sands  and  clays,  equivalent  to  the  u]>]ter  and 
lower  of  many  fossiliferous  deposits. 

Leda  arctica  is  living  within  the  Arctic  Circle  and  on  the  East 
Coast  of  N.  America;  but  is  extinct  in  the  British  Seas  and  North 
Pacific. 

It  is  a  characteristic  shell  in  the  Leda  clay  of  Montreal;  and  in 
the  clay  at  Moss  on  the  south  of  the  Christiania  Fjord.  Its  dis- 
covery as  a  Scotch  fossil,  both  in  the  East  and  West,  tlius 
becomes  a  matter  of  peculiar  interest. 
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IX.   Note   on   the    Spines   of  Gyracanthus.      By  Mr.   James 
Thomson,  F.G.S. 

(Read  March  5,  1S6S.) 

In  the  works  of  Agassiz,  Bucklaud,  De  la  BecLe,  and  others,  the 
spines  of  the  genus  Gijracanthus  liave  been  described  as  dorsal. 
Several  years  ago  I  had  the  pleasure  of  examining  the  finest 
collection  of  these  Ichthyodorulites  I  have  yet  seen,  collected 
by  Mr.  Thomas  Athey,  near  Newcastle-on-Tyne.  He  drew 
my  attention  to  their  form ;  they  were  all  more  or  less  later- 
ally incurved,  and  shaved  away  near  the  apex.  He  remarked 
that  he  was  inclined  to  think  that  they  were  lateral,^  and  not 
dorsal  spines,  and  requested  me  to  examine  those  found  in  our 
Scottish  beds.  This  I  have  done  in  all  the  public  and  private 
collections  I  have  had  access  to,  and  have  found  that  they  occur 
most  plentifully  in  a  similar  position  in  the  strata,  but  they  are  all 
more  or  less  similarly  incurved  and  shaved  away  at  the  apex.  If 
they  were  dorsal,  I  would  naturally  expect  to  find  them,  if  not 
straight,  curved  backwards.  This,  however,  I  in  no  instance 
found. ^  If  we  examine  any  of  the  recent  fish  that  have  spines — 
Acanthus  vulgaris  and  Trigla  Cktrnardus,  we  find  that  the  former 
shows  dorsal,  the  latter  dorsal,  pectoral,  and  ventral  spines.  Of 
the  former  I  have  examined  several  hundreds  within  the  last  few 
years,  and  find  that  both  the  anterior  and  posterior  s^^ines  are 
worn  away  at  the  apex,  but  always  on  the  anterior  face.  In  all 
instances  I  found  the  anterior  spines  more  worn  away  than  the 
posterior,  showing  plainly  that  when  the  fish  was  swimming- 
through  the  water,  the  friction  caused  by  coming  in  contact  with 
foreign  bodies,  shaved  away  the  apex  of  the  sj)ines.  In  the  larger 
and  consequently  the  older  individuals,  I  found  the  spiaes  more 
shaved  away  than  in  the  younger.  The  dorsal  spines  of  the 
gurnard  are  all^  more  or  less  gi-anulated,  the  anterior  more  so  than 
the  posterior,  and  all  shaved  aAvay  at  the  apex,  but  more  especially 
the  anterior  spines,  and  in  all  cases  on  the  anterior  faces.  In  the 
ventral  fins,  on  the  other  hand,  tlie  latero-posterior  portion  of  each 
of  the  rays  is  moi'e  or  less  shaved  away,  but  more  esj^ecially  the 

1  Since  the  above  was  wi-itten,  I  liavc  a  note  from  Mr.  Athey,  stating  that 
]Mr.  Kirkby  and  he  had  read  a  i>aper  before  the  Britisli  Association,  at  the  meet- 
ing in  Ncwcastle-on-Tyne  in  1863,  making  those  spmes  pectoral. 

2  Since  this  paper  was  read  I  have  found  a  dorsal  spine  ;  I  invariably  find  them 
curved  laterally,  and  from  opposite  sides. 
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lateral  rays  of  the  fin.  Or,  if  we  examine  any  of  the  dorsal  spines 
foun<l  in  the  carboniferous  strata,  say  those  of  Ctenavanfhxs  or 
Pleur  acanthus  J  we  find  them  worn  away  only,  as  we  naturally 
should  expect,  on  the  anterior  face,  and  near  the  apex,  similarly 
to  wliat  ^ve  find  in  the  dog-fish,  and  in  the  dorsal  fins  of  the 
gurnard.  But  in  Gyvacantlms  it  is  the  latcro-posterior  portion  of 
the  spine  that  is  eroded,  and  more  especially  the  larger,  and 
consequently  the  older  spines.  From  this  I  can  draw  no  other 
inference  than  that  the  normal  position  of  these  spines  was  latero- 
ventral ;  and  from  the  fact  of  the  numV>er  l)eing  gi-eatly  in  excess 
of  other  remains  found  associated  with  them,  more  especially 
those  of  G.  formosiis,  I  am  inclined  to  think  that  the  fin  was 
furnished  with  more  than  one  spine,  as  in  the  gurnard. 

The  largest  Gyracanthus  spine  I  have  got  is  15  J  inches  long, 
and  1^  broad.  The  cavity  at  the  base  on  the  posterior  face  is  8?,- 
inches  long;  the  root  is  somewhat  smooth,  extending  H  inches 
from  the  base,  on  the  anterior,  and  near  to  the  termination  of  the 
cavity  on  the  posterior  face. 

The  external  surface  in  G.  formosus  is  closely  set  with  oblique 
ridges  about  a  line  apart.  In  G.  tuherculatus  the  oblique  ridges 
are  covered  by  numerous  smooth  tubercles.  I  have  recently 
found  spines  with  the  structure  of  G.  formosus,  and  that  of 
G.  tuhercidatus  on  the  same  spine,  and  am  inclined  to  think  that 
there  is  only  one  species.  The  smooth  portion  at  the  base 
has  been  embedded  in  the  muscles,  and  the  cavity  on  the 
posterior  ftice  was  filled  with  the  anterior  face  of  what  I  am 
inclined  to  think  was  a  latero-ventral  fin,  with  the  rough  outer 
portion  of  the  spine  exposed,  defending  the  fin  from  external 
injury.  I  have  found  associated  with  tiie  genus  Gyracanthus,  at 
Shettleston,  in  the  roof  of  the  splint  coal  (for  which  I  am  indebted 
to  Mr.  Stokes),  CtenacanthuSy  Pleuracanthus,  kc. ;  also  a  variety  of 
Gyracanthus,  deeply  pitted  on  the  anterior  fixce,  while  on  the  pos- 
terior face^  from  the  termination  of  the  cavity  to  tlie  apex,  there 
are  numerous  pores,  with  a  slightly  raised  margin  sm-rounding 
each  pore.  At  Newton,  Cambuslang,  I  have  found  them  associated 
with  CtenacantJius,  Pleuracanthus,  Pleurodus,  also  with  what  seems 
to  be  the  skin  of  a  fish.  The  skin  is  gmnulated,  each  gi-anule 
is  about  one-eighth  of  a  line  apart,  with  small  depressions,  which 
seem  to  have  been  the  bases  of  small  spines,  about  2^  lines  apni-t, 
much  resembling  the  skin  of  the  sting-rays.  In  the  Airdrie 
blackband  ironstone  I  have  found   associated   with  Gyracanthus 
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tuherculatus,  Ctenopti/cldus  jjecfinatus,  Ctenacanthus,  Flei'/rodus, 
MegalicJithys  Hihhertii,  and  a  species  resembling  Ilegalichthys  in 
the  teetli,  but  the  outer  surface  of  the  jaw  is  studded  with  minute 
gr&nules,Stre2)SOchcs,BhizodojJsis,Bho7nhopti/chn(.t,Parahatra^^^ 
Ctenodus.  At  Quarter,  in  the  blackband  ironstone,  I  found,  along 
with  G.  tuherculatus^  CtenoptijcJi'ius,  Strepsodus,  BhomhoiHyddus, 
RMzodus  Ianciformis{^),^  Megalichthys  Hibherti,  21.  tuhercidatus. 
Another  jaw  resembles  Megalichtliys  in  the  teetli,  but  the  outer 
portion  is  closely  set  with  minute  oblong  pores  on  the  anterior 
and  upi^er  margin  of  the  plate,  while  posteriorly,  near  the  lower 
margin,  it  is  corrugated;  while  another  is  closely  set  with  minute 
granules,  similar  to  the  one  found  in  the  Airdrie  field  formerly 
refeiTed  to.  Pleurodus,  Ctenoptychius  pectinatus^  C.  denticuJatus, 
and  two  jaws  of  Farabatraclms(i)  also  occurs  in  this  locality. 

At  Morningside,  Wishaw,  in  the  roof  of  the  splint  coal,  I  find, 
along  with  GyracanthuSy  Ctenoptychius  pectinatus,  Ctenacanthus, 
Fleuracanthus,  Pleurodus,  Megalichthys,  Ctenodus,  with  a  number  of 
vertebrse.  The  question  arises,  to  which  genera  do  these  spines 
belong,  or  are  they  a  distinct  genus]  Our  ignorance  of  these 
Ichthyodorulites  prevents  us  from  giving  an  opinion  and  I  must 
therefore  leave  the  question  in  the  hands  of  Ichthyologists  to 
determine. 

POSITION. 

The  genus  Gyracanthus  is  most  frequently  found  in  the  upper 
coal-measures ;  indeed  this  Ichthyodorulite  occurs  most  plentifully, 
both  in  the  Newcastle  and  Scottish  beds,  in  the  region  of  the 
splint  coal.  It  was  in  the  shale  overlying  this  coal  that  the  most 
of  those  laid  before  the  meeting  were  obtained.  In  the  history  of 
Euthergien  and  East  Kilbride,  pi.  xii.,  fig.  G,  the  Eev.  David  Ure 
figured  one  found  at  Stonelaw,  in  the  neighbourhood  of  Kutherglen. 
But  I  do  not  wish  it  to  be  supposed  that  they  are  rc.itiicted  to  that 
position,  for  they  have  been  found  at  Burdiehouse,  near  Edinburgh, 
which  is  at  the  base  of  the  carboniferous  rocks.  Professor  Owen,  in 
his  work  on  Palaeontology,  p.  124,  states  that  fossil  spines,  closely 
allied  to,  if  not  identical  with  Gyracanthus,  were  found  in  the  Per- 
mian or  New  Bed  Sandstone,  at  Westow,  thus  giving  it  a  vei-tical 
range  of  several  hundred  fathoms  ;  and  if  we  reflect  iqoon  the  fact 
that  the  intervening  strata  were  d  ^posited  in  minute  fragments, 
leaf  after  leaf,  as  each  autumn  stripped  the  foliage  from  those  ancient 

1  Mefjalichtlvjs  or  an  allied  genus,  see  Trans.  Nat.  Hist.  Soc. ,  Glasgow,  1868. 
~  PteropJax  cornata.     Hancock  and  Athey. 
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forests,  to  form  our  coal  beds,  particle  after  particle  of  sand,  clay, 
and  other  detritus  to  form  the  ironstone  and  shale,  we  feel  lost 
in  the  depths  of  immeasurable  time,  and  must  be  contont  to 
note  a  few  of  the  scattered  facts,  in  order  that  they  may  in  !::'jme 
future  time  be  classified  and  become  more  intellij'ible. 


X.  0)1  the  Surface  Geology  of  the  district  round  Glasgow,  as 
indicated  hy  the  Journals  of  certain  Bores.  By  Mr.  James 
Bennie. 

(IJcud  April  2,  18GS.) 

In  the  course  of  last  summer  Mr.  Croll,  having  directed  his 
attention  to  the  probable  depth  of  the  suiface  deposits  in  the 
neighljourhood  of  Glasgow,  considered  that,  Ijy  means  of  the 
sections  obtained  by  borings  for  minerals  or  other  purposes,  we 
might  not  only  ascertain  with  certainty  the  actual  thickness  of 
the  deposits,  Init  that,  by  a  comparison  of  the  different  depths  in 
different  places,  the  form  of  the  rocky  .surface  beneath  might  be 
made  out  to  such  a  degree  that  a  restoration  of  the  geography 
of  the  land  of  the  glacial  epoch  might  be  attemjited,  and  the 
channels  in  which  the  ice  moved  be  more  than  guessed  at.  But 
even  a  greater  end,  it  was  thought,  might  be  obtained  by  a 
knowledge  of  the  contents  of  the  sections  traversed  by  these 
bores.  As  they  necjssarily,  when  successful,  exhausted  the 
surface  deposits,  a  more  complete  history  of  the  changes  repre- 
sented by  them  might  be  obtained  from  these  artificial  sections 
than  could  possibly  be  had  from  natural  sections,  however 
favourably  situated.  To  work  out  these  ideas,  ]Mr.  Croll  set 
himself  to  collect  the  journals  of  the  surface  portions  of  pit 
sinkiucrs  or  of  borin^js  for  minerals  wherever  situated,  and  soon 
found  his  expectations  more  fully  realized  than  he  had  even 
hoped.  Ere,  however,  the  inquiry  was  completed,  he  left 
Glasgow  for  Edinburgh  to  join  the  staff  of  the  Geological  Survey 
of  Scotland,  and  of  course  the  inquiry  was  internipted,  as  his 
attention  was  directed  to  other  things.  Yet,  unwilling  to  let  the 
subject  drop,  especially  after  such  good  results  had  been  obtained, 
he  has  requested  mc  to  communicate  them  to  this  Society,  in 
order  that  they  might  be  known  to  all  who  feel  an  interest  in 
the  surface  geology  of  the  district,  and  in  the  hope,  also,  that  such 
members  as  have  access  to  journals  of  bores  other  than  these 
might  study  them  and  report  the  results,  or  communicate  them 
to  us,  so  that  the  times  and  circumstances    represented  by  the 
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suiface  deposits  might  be  as  perfectly  ascertained  as  they  can.  be 
by  such  means.  I  am  thoroughly  conscious  of  the  imperfections 
of  this  mode  of  inquiry,  and  admit  readily  that  the  sections  so 
obtained  cannot  rank  in  value  with  those  natural  sections  which 
can  be  examined  in  open  daylight,  and  the  character  and  contents 
of  each  bed  determined  by  eyesight  in  situ  ;  yet  still  it  must  be 
admitted  that  these  artificial  sections  are  capable  of  increasing  our 
knowledge  by  means  peculiar  to  themselves  to  a  degree  which 
justifies  the  attention  which  has  been  devoted  to  them.  As  they 
necessarily  exhaust  the  surface,  they  supplement  natural  sections 
by  continuing  them  to  the  rock-head;  and  as  they  are  constantly 
being  made  in  fiat  plains  where  natural  sections  are  impossible, 
they  dii'ect  inquiry  into  districts  where  nothing  could  be  otherwise 
noticed :  and  as  it  often  hajopens  that  open  sections  exist  near  the 
sites  of  many  of  these  bores,  we  are  thereby  able  to  guess  at  the 
character  and  determine  the  date  of  the  remainder  of  the  surface 
which  these  bores  reveal.  It  is  also  admitted  that  the  terms 
used  by  professional  borers  are  often  ambiguous  and  inexact,  as 
the  only  object  they  have  in  view  is  the  possibility  of  converting 
these  bore  holes  into  pit-shanks,  they  accordingly  describe  the 
materials  passed  through  as  they  are  favourable  or  not  to  that 
end.  Still,  to  make  their  journals  intelligible,  they  adhere  mth 
tolerable  precision  to  the  terms  in  current  use,  and  call  sand,  clay, 
and  till,  by  their  proper  names,  though  oc3asionally,  the  descrip- 
tions are  indefinite  enough.  In  such  cases  JNIr.  Croll  made  special 
inquiry,  and  ascertained  with  certainty  that  such  phrases  as  "clay 
and  stones,"  "  stony  clay,"  "  clay  with  gravel,"  meant  the  till  or 
boulder  clay,  and  had  the  same  significance  as  we  attach  to  these 
terms.  So  it  may  be  taken  for  granted  that  the  descriptions  of 
these  artificial  sections  are  substantially  if  not  absolutely  correct. 
The  facts  thus  ascertained  may  be  arranged  in  three  divisions. 
First,  those  which  prove  that  breaks  occurred  in  the  formation  of 
the  boulder  clay  of  considerable  interval,  during  which  great  beds  of 
water-formed  materials,  as  sand  and  gravel  w^ere  laid  tlown  upon 
such  glacial  debris  as  boulder  clay — and  then  glacial  conditions  again 
prevailing,  debris  of  that  character  was  superimposed  upon  them  in 
turn — the  whole  series  showing  that  the  glacial  epoch  w^as  not 
unifoiTQ  throughout  its  duration,  but  was  broken  up  by  warmer 
periods,  during  which  Avater  regulated  the  course  of  deposition. 
Second,  that  a  series  of  these  bores  reveal  the  existence  of  a  deep 
trough  or  channel  running  from  the  Clyde  near  Bowling  through 
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Garscadden,  tlie  valley  of  the  Kelvin,  and  round  Ly  the  south- 
eastern end  of  the  Camj^sie  hills  into  the  valley  of  the  Forth  by 
Grangemouth,  many  parts  of  which  are  more  than  200  feet  Ijelow 
the  present  sea  level.  Third,  that  another  series  of  T>ores  reveal 
the  character  of  tlie  bottom  of  the  sea  in  which  the  boreal  shells 
lived  with  as  much  accuracy  as  if  soundings  had  been  taken  in  the 
most  approved  method  adopted  by  the  Admiralty  surveyors  when 
they  map  out  the  geograj)hy  of  the  present  sea  bottom. 

Under  the  first  head  I  might  cite  a  great  number  of  facts  which 
have  been  collected,  which  show  that  our  oldest  clays — those 
which  are  accounted  the  undoubted  debris  of  land-ice — have  often 
small  groups  of  laminated  sands  and  clays  imbedded  in  them, 
which  of  course  could  only  be  formed  by  deposition  from  water; 
but  as  the  phenomena  has  often  been  noticed  of  late  by  writers 
on  the  subject,  I  will  only  allude  to  several  instances  which 
have  occurred  in  our  immediate  neighbouihood.  Dr.  Scouler  has 
stated  that  when  the  station  of  the  E  linburgh  and  Glasgow 
Railway  was  in  course  of  excavation  in  Queen  street,  distinctly 
laminated  beds  of  sand  and  clay  were  observed  in  the  boulder 
clay  there  exposed,  which,  as  it  is  that  of  Bell's  park — a  t3rpical 
hillock  from  which  much  of  our  knowledge  of  boulder  clay  has 
been  dei'ived — the  occurrence  of  laminated  sand  in  the  heart  of 
such  a  hillock  is  significant  of  the  conditions  under  which  all  our 
boulder  clays  were  formed.  About  ten  years  ago  another  excava- 
tion revealed  the  same  phenomena,  and  the  same  inference  from  it 
was  drawn;  and  only  last  year,  still  another  excavation  showed 
that  the  whole  of  that  hillock  is  more  or  less  traversed  by  beds  of 
the  same  character.  A  very  remarkable  instance  of  the  same 
kind  was  exliibited  in  a  cutting  situated  upon  the  Clelland  branch 
of  the  Caledonian  Railway,  where  a  bed  of  very  fine  white  sand, 
distinctly  laminated,  was  intercalated  for  the  distance  of  more 
than  a  mile  between  two  distinctly  marked  beds  of  boulder  clay, 
the  derivation  of  which  from  land-ice  was  sufiiciently  evident. 
Poi-tions  of  these  laminated  sands  and  clays  were  subjected  to  the 
process  of  washing,  but  no  life  remains  were  detected  in  any  of 
them,  which  is  not  surprising  considering  the  circumstances  of 
theii-  formation.  It  was  clear,  however,  that  the  sand  and  clay 
had  been  derived  from  the  boulder  clay,  as  they  were  identical 
with  those  washed  directly  from  boulder  clay,  only  it  was  evident 
that  all  the  glacial  markings  had  disappeared  during  their  re- 
formation, as  the  pebbles  were  simply  water-worn. 
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The  same  plienomena  wliicli  these  small  beds  typify — namely, 
the  possibility  of  water -action  alternating  ^Yith  ice -action  in 
periods  pre-eminently  glacial — is  exhibited  upon  a  much  larger 
scale  in  the  journals  of  several  bores  made  in  localities  where  the 
surface  deposits  consist  apparentl}^  only  of  boulder  clay.  Between 
fifty  and  sixty  bores  have  been  obtained  having  sand,  gravel,  or 
clay — true  water-drifted  materials — interstratified  ^dth  or  lying 
beneath  boulder  clay.  Twenty-five  of  these  have  one  bed  of  sand 
or  clay  intercalated  between  two  beds  of  boulder  clay,  proving  that 
one  break  occurred.  Ten  bores  have  two  beds  of  sand  or  clay 
intercalated  between  three  beds  of  boulder  clay,  showing,  of  course, 
so  many  more  breaks.  One  bore  has  three,  and  two  bores  have 
four  beds  of  sand  interpolated  in  boulder  clay,  while  one  bore  has 
no  less  than  five  beds  of  sand  alternating  with  boulder  clay,  a 
number  sufficient  to  prove  that  the  ice-sheet  was  not  continuous 
throughout  the  glacial  epoch,  but  disappeared  for  periods  so  long 
that  great  beds  of  water-made  debris  could  be  deposited  in  the  in- 
terval. Twenty  bores  have  sand  or  gravel  at  the  bottom  and  boulder 
clay  abo^'e.  Some  of  these  may  possibly  be  pre-giacial  and  syn- 
ch ronus  with  the  crag  period  of  England,  but  they  are  probably 
interglacial,  and  only  apparently  pre-glacial  from  accidental  causes 
easily  supposable. 

To  show  that  these  conclusions  have  not  been  drawn  from  insuf- 
ficient data,  I  may  here  state  that  248  bores  in  all  have  been  collected, 
the  aggregate  thickness  of  which  amounts  to  21,2-15  feet,  or  about 
an  average  depth  of  8  6  feet  for  each  bore ;  and  that  the  proportion 
of  isolated  boulder  clays  is  two  to  every  nine  bores,  which  certainly 
places  the  conclusions  drawn  from  them  above  doubt. 

These  conclusions  become  the  more  emphatic  the  more  minutely 
we  study  the  details,  and  try,  however  inadequately,  to  estimate 
the  time  represented  by  these  gTeat  beds  of  interglacial  periods. 
This  will  be  shown  best  by  quoting  a  few  instances.  A  bore  made 
near  Larkliall  by  Mr.  Barrie,  professional  borer.  Young  Street, 
Calton,  gives  as  follows : — 


Fcot.     ( 

Feet. 

Soil, 

1 

BroAvn  till  and  boulders,   - 

12 

Red  Clay, 

3       1 

Dark  till  and  boulders, 

5 

Brown  till, 

8 

Sand,         .... 

34 

Gravel,     - 

1 

Brown  till  and  boulders,   - 

254 

Sand, 

11       i 

Mud,          .... 

u 

Layers  of  mud  and 

clay,    . 

7      ' 

Layers  of  mud  and  sand,  - 

17 

Gravel,     - 

. 

1 

Brown  till  and  boulders,   - 

6 

Sand  and  gra-s 

re\, 

10 

Mud, 

- 

6      1 

I 
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In  a  sei'ies  of  bores  made  by  tlie  Carron  Company  in  a  tract  of 
country  about  a  mile  nortli  of  tlie  Possil  marsh,  a  great  bed  of 
very  fine  sand,  aljout  two  miles  in  length,  was  revealed  resting 
upon  the  rock-liead,  and  overlaid,  in  two  bores,  by  undoubted 
boulder  clay,  and  in  other  two  by  sand  or  gravel,  Avhile  an 
intermediate  bore  gi\'es  nothing  but  boulder  clay,  wliicli  last  was 
probably  a  hillock  standing  up  in  a  i-egion  of  sand  of  newer  date. 
As  the  figures  will  give  a  better  idea  of  the  circumstances  tlian 
any  abbreviated  descrij^tion,  I  will  quote  them : — 


No.  1  Bore,  Buchle3^ 


No.  4  Bore,  Balmuikly, 


Fcot. 

Feet. 

Fine  sand, 

82 

Blue  clay  and  stones. 

84 

(iravel,     .         -         .         . 

.30       ' 

Sand  and  mud, 

G5 

127 

No.  5  Bore,  Lochf 

luld. 

No.  2  Bore,  South  of  Wilderness 

Feet. 

Plantation. 

Gravel  and  sand, 

4 

Feet. 

Brown  cLay, 

-       'A2 

Tied  sandy  clay, 

12 

Sand  and  gravel, 

-       31 

Blue  till  with  large  stones, 

30 



Sand  and  gravel, 

18 

67 

60 

No.  3  Bore,  Hilton  (.[  mile  N.E.) 
Feet. 
Gravel  and  sand,      -         -       42 


104| 


Fine  sand, 


No.  G  Bore,  Hilton,  (near  house.) 
Feet. 

Till, 30 

Sand, 54 


84 


In  this  case  the  character  of  the  boulder  clay  was  attested  bv  a 
former  member  of  our  Society,  and  who,  therefore,  ought  to  be  a 
competent  judge.  In  our  next  example,  the  character  of  the 
t)Oulder  clay  was  more  decided.  At  Blairdardie,  Dr.  Robertson  of 
Renfrew — a  member  of  our  Society — has  a  pit  known  as  No.  4 
pit,  which  has  the  following  in  section : — 


Feet. 

Feet. 

Surface  soil, 

H 

Miul  and  running  sand, 

11 

Blue  clay. 

0 

Hard  clay,   boulders,   and 

Hard  stony  clay, 

09 

broken  rock,     - 

27 

Sand  with  a  few  shells.     - 

3 

Stony  clay  and  boulders, 

40i 

170 

Mr.  Jolly,  manager  of  Dr.  Robertson's  pits,  who  superintended 
the  shanking  of  this  pit,  kindly  gave  such  descriptive  details  of 
the  various  beds  passed  through  in  it  that  there  can  be  little 
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doubt  of  tlieir  character.  Tlie  "  hard  stony  clay,  G9  feet,"  was  a 
boulder  clay,  many  of  the  boulders  being  very  large — one  in 
particular  filled  the  whole  breadth  of  the  shank  and  had  to  be 
quarried  out  by  blasting  ere  the  shank  could  be  driven  beyond  it. 
Portions  of  this  boulder  have  been  built  into  one  of  the  houses 
adjoiniug  the  pit,  where  it  can  still  be  seen.  It  is  a  mottled  trap, 
and  came  probably  from  the  Kilj^atrick  hills.  "  Sand  with  a  few 
shells,  3  feet." — As  this  was  the  only  instance  in  which  shells 
were  specified  in  these  journals,  strict  inquiry  was  made  into  the 
fact,  and  ample  evidence  of  their  actual  occurrence  elicited;  but  as 
the  only  person  ^vho  thought  the  shells  worthy  of  preservation  had 
left  the  locality,  they  were  not  available  for  examination.  The 
beds  of  water-drifted  material  were  not  thick  in  this  section,  but 
they  may  be  remnants  of  thicker  beds  which  have  been  reduced 
by  denudation. 

Our  next  example  is  a  bore  made  by  jMessrs.  Meny  and 
Cuninghame  in  the  Mains  of  Garscadden,  which  may  be  sum- 
marised thus : — 

Surface  soil, 

Blue  clay  and  stones, 

Red  clay  and  stones, 

Soft  clay  and  sand  beds,    - 

Various  gravels  and  sands. 

Light  mud, 

Sand  and  gravel, 

In  this  instance  78  feet  of  boulder  clay  is  succeeded  by  127  feet  of 
water-laid  sands,  gravels,  and  clays,  which  must  surely  represent  a 
very  long  period  indeed,  while  there  is  enough  of  boulder  clay  at 
the  bottom  to  make  the  127  feet  interglacial  in  point  of  time. 
This  bore  is  situated  in  a  hollow  field  overhung  by  a  steep  bank 
200  feet  in  height,  the  slope  of  which  is  so  quick  that  we  must  con- 
sider it  as  truncated  by  lateral  denudation,  and  that  it  was  possibly 
a  coast  line  at  no  very  distant  date.  In  the  face  of  this  natural  sec- 
tion a  bed  of  boulder  clay  is  exposed,  which  I  examined.  It  is  red 
in  colour,  and  the  majority  of  the  stones  consist  of  schistose  or  other 
hard  sub-metamorphic  rocks  which  take  on  striae  with  difficulty, 
yet  a  very  cursory  examination  yielded  enough  of  well-marked 
stones  to  waiTant  us  in  calling  it  boulder  clay,  and  of  course  the 
inference  is  inevitable,  that  before  the  bank  was  trimcated  by 
denudation,  it  liad  stretched  over  the  hollow  field  in  which  the 
bore  is  situated,  which  subjects  all  the  beds  traversed  by  the  bore 


Feet. 

In. 

Feet. 

In 

1 

0 

Sandstone  block, 

-     0 

6 

60 

0 

Blue  clay  and  stones. 

-     1 

4 

18 

0 

AMiin  block,     - 

-     0 

10 

29 

0 

Sandy  clay. 

-     4 

c 

91 

0 

;r 

0 
6 

O 

8 

219 

8 
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to  be  cliaracterisecl  as  glacial  or  sub-glacial.  The   upland  to 

which  the  bank  slopes  forms  the  farms  of  Castlehill  and  Thorn,  in 
the  Lxtter  of  wliicli  we  liavc  a  bore  consisting  of  three  beds  of 
bouklor  clay  divided  by  two  beds  of  sand,  one  of  which  is  sixty 
feet  thick. 

The  next  bores  are  the  deei)est  and  most  varied  of  all  that  we 
have  obtained,  and  if  our  rendering  of  their  character  be  correct? 
they  prove  the  point  we  seek  to  establish  more  conclusively  than 
any  of  the  others.  They  are  situated  at  IMillichin,  about  two 
miles  to  the  east  of  Garscadden,  and  were  made  by  the  Summerlee 
Iron  Company.  The  first  is  situated  about  half-a-mile  south-west 
from  Millichin,  and  consists  of — 

Feet.  In. 

Brown  sandy  clay  &  stones,  30  0 

Hard  red  gravel,        -         -     4  G 

Light  mud  and  sand,         -     1  8 

Liglit  clay  and  stones,       -     G  G 

Light  clay  and  whin  block,  26  0 

Fhie  sandy  mud,       -         -  3G  0 

Brown  clay,  gravel,  &  stones,  14  4 

Dark  clay  and  stones,        -  G8  0 

'Soo       0 

Here  we  have  350  feet  of  glacial  or  sub-glacial  deposits.  The 
next  bore  is  situated  about  100  yards  east  of  the  farm-house  of 
West  Millichin,  and  consists  of — 


Feet 

Sandy  clay, 

. 

. 

5 

Brown  clay 

and  stones. 

. 

17 

Mud, 

. 

. 

15 

Sandy  mud, 

. 

. 

31 

Sand  and  gravel  with  water. 

28 

Sandy  clay 

and  gravel. 

17 

Sand, 

- 

5 

Mud, 

. 

G 

Sand, 

. 

14 

Gravel, 

- 

30 

Feet. 

In 

Soil,- 

-     1 

G 

Muddy  sand  and  stones. 

-    4 

0 

Soft  mud. 

-     4 

G 

Sand  and  gravel. 

-  45 

0 

Sandy  mud  and  stones, 

-  20 

6 

Sand,  gravel,  and  mud, 

-  52 

4 

Brown  clay  and  stones. 

-  25 

0 

Sand  and  gravel, 

-    6 

0 

Feet. 


Brown  sandy  clay  &  stones,  12 
Sand,  -  ...  2 
Brown  sandy  clay  &  stones,  4 
Mud  and  saud,  -         -  15 

Sand  &  blue  clay  &  stones,  7 


200      4 

The  e\adence  that  the  '•  brown  clay  and  stones  "  of  the  borer's 
journal  is  boulder  clay  is  only  circumstantial ;  still,  from  its 
nature,  I  think  it  justifies  such  a  conclusion.  Within  less  than  a 
mile  eastward  from  IMillichin  there  is  a  natural  section  exposed 
by  the  Allander — a  small  river  which  flows  into  the  Kelvin — 
cutting  into  a  hillock  which  interrupts  its  course.  It  is  known 
locally  by  the  name  of  the  "  Swallow  bank,"  from  the  sand  mai-tens 
finding  the  soft  interglacial  sand  easily  excavatable  for  their  nests. 
This  bank,  which  may  be  thirty  or  forty  feet  in  height,  consistvS, 
in  greater  part,  of  a  very  fine  white  sand,  identical  in  appearance 
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with  that  so  comuioii  in  Glasgow.  It  is  finely  laminated,  but  tlie 
laminations  are  contorted  as  if  tliey  had  been  crumpled  by  some 
lateral  pressure  after  deposition.  Upon  this  sand  rests  a  bed  of 
boulder  clay  identical  in  appearance  with  the  red  boulder  clay  of 
Garscadden.  It  is  very  firmly  compacted  together,  and  it  was 
with  great  difficulty  that  a  few  stones  could  be  extracted  from 
the  matrix.  They  are  schistose  and  sub-metamorpliic,  and  are 
naturally  less  amenable  to  abrasion  by  ice  than  the  softer  lime- 
stones and  shales,  yet  enough  of  striated  stones  were  found  during 
an  home's  search  to  prove  that  this  red  clay  was  decidedly  a 
boulder  clay.  Mr.  Jolm  Young,  who  accompanied  Mr.  Croll  on  a 
visit  of  inquiry  into  the  character  of  the  red  stony  clay  of  the 
Allandei',  also  satisfied  himself  that  it  was  a  true  boulder  clay. 
To  show  that  red  stony  clay,  Avith  fine  sand  underlying  it, 
extends  over  a  large  tract  in  this  qualter,  I  may  mention  that 
immediately  to  the  north  of  the  Allander,  and  between  it  and 
Bardowie  Loch,  a  very  large  hillock  occurs  called  the  Longbank, 
which  must  be  more  than  half-a-mile  long  and  fully  a  hundred  feet 
in  height,  and  is  the  most  magnificent  hillock  in  the  district.  The 
composition  of  this  hillock,  as  revealed  by  two  sand  pits  and  a 
long  trench  for  a  drain,  was  the  same  as  that  of  the  "Swallow  bank," 
a  very  fine  white  sand  forming  the  heart,  and  a  very  stony 
clay — the  stones  being  distinctly  striated — forming  the  body  of 
the  hillock.  If  we  take  this  hillock  of  Longbank  as  typical  of 
this  region,  there  can  be  little  doubt  that  the  Millichin  bores 
passed  through  the  same  kind  of  deposits,  which  conclusion  is 
strengthened  by  the  farmer  of  Millichin  complaining  very  bitterly 
to  Mr.  Croll  of  the  clay  of  the  hillock  which  overhangs  the 
deepest  bore,  being  so  stony,  that  it  was  difficult  to  drive  the 
plough  through  it  or  make  drains  in  it. 

Such  is  the  evidence  upon  which  we  seek  to  establish  an  inter- 
glacial  character  for  the  sands,  clays,  and  gi-avels,  which  we  find 
intei stratified  in  these  bores  with  what  seems  to  be  boulder  clay; 
and  the  conclusion  clearly  inferable  from  them  is,  that  there  were 
several  glacial  periods;  or  if  we  consider  the  whole  as  forming  one 
gi-eat  epoch,  we  must  conclude  that  the  glacial  conditions  were  not 
uniform  throughout  the  whole  time  it  lasted,  but  were  intermpted 
by  warmer  periods,  dui'ing  which  sand,  gravel,  and  clay — the 
forms  which  water-carried  drift  assumes — were  the  only  sediment 
possible.     After  what  manner  the  continuity  of  the  glacial  con- 
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ditions  were  broken  up,  and  what  was  the  character  of  the  water 
which  deposited  tliese  sands  and  chiys,  cannot  be  determined  witli 
certainty,  as,  with  the  solitary  exception  of  Bhiirdardie,  we  have 
not  any  record  of  shells  occiii-ring  in  these  borings.  1^-ofessional 
borers  apj)arently  ignore  pah>3ontology  altogether,  regarding  shells 
as  of  less  interest  than  the  colour  of  the  mud  or  sand  they  bore 
through.  I  hope  this  will  be  corrected  hereafter,  and  that  in 
consideration  of  the  geological  value  of  shells,  professional  borers 
might  be  induced  to  record  their  occurrence  in  surfaces  so 
interesting  as  those  of  Millichen  and  Garscadden. 

The  second  division  of  our  subject  consists  of  those  bores  Avhicli 
reveal  the  existence  of  a  deep  trough  or  channel  running  from  the 
Clyde  valley  near  Bowling  up  to  and  through  the  liaugh  of 
Balraore,  the  valley  of  the  Kelvin,  and  round  by  the  south- 
eastern end  of  the  Camj^sie  hills  into  the  valley  of  the  Forth  by 
Grangemouth. 

It  has  long  been  suspected  that  such  a  channel  existed.  The 
great  tracts  of  sand  exposed  l)y  chance  excavations — the  hau^h- 
like  form  of  the  surfiice  in  many  parts  of  its  course — the  configura- 
tion of  the  hills  which  overlook  it  on  either  side  near  Kilsyth — the 
])revalence  of  the  prefix  "  Inch  "  to  most  of  the  knolls  of  one  part 
of  the  district — were  sufficient  to  suggest  the  probability  that  this 
was  an  old  sea  strait  in  the  latter  days  of  the  glacial  epoch. 

The  first  indication  of  its  existence  is  a  curious  one.  In  a  pit 
situated  near  the  farm-house  of  Cleddans,  Duntocher,  the  surface 
sand  was  cut  into  in  one  of  the  workings,  at  a  depth  of  312  feet, 
and  rushed  in  with  such  rapidity  that  the  miners  with  the 
greatest  difficulty  escaped  with  their  lives.  As  the  pit  lies  in  a 
hollow,  and  the  point  where  the  sand  was  struck  occurs  in  a 
hillock  which  rises  over  the  pit  mouth  fifty  or  sixty  feet,  the 
surface  strata  must  therefore  be  about  3 GO  feet  deep  at  least.  As 
the  hollow  made  on  the  surface  by  the  ground  caving  in  showed 
boulder  clay  in  section,  as  well  as  from  the  neighbouring  hillocks 
being  capped  with  boulder  clay,  the  whole  360  feet  may  be  regarded 
as  glacial  or  sub-glacial  in  character.  The  next  bore  in  the  line  of 
this  channel  is  one  made  by  Messrs.  ^lerry  &  Cuninghame  on  the 
farm  of  Drumry,  half-a-mile  west  from  Garscadden  House,  298 
feet  in  depth;  and  as  the  surface  of  the  groimd  at  Dnimry  is  08 
feet  above  sea  level,  consequently,  if  the  surface  deposits  were  all 
removed,  the  sea  would  stand  at  Prumry  230  feet  in  depth.     The 
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knoll  upon  which  Garscadclen  House  is  built  is  78  feet  above  this 
bore.  It  is  probable  that  the  surface  under  the  house  is  37 G  feet 
in  depth.  The  next  bore  is  that  already  mentioned  at  the  Mains 
of  Garscadden,  219  feet  in  depth,  the  details  of  which  show  that 
the  channel  had  an  existence  early  in  the  glacial  period.  Mr. 
Croll  was  assured  by  Mr.  Dugald  Baird,  manager  of  boring  to 
Messrs.  Merry  &  Cuninghame,  that  he  had  made  many  iDores  from 
Garscadden  all  along  by  the  Bearsden  station  of  the  Milngavie 
Bailway,  not  one  of  which  was  under  240  feet,  but  the  particulars, 
unfortunately,  have  not  yet  been  obtained.  The  next  bores,  which 
seem  to  dip  into  it,  are  a  group  situated  in  the  lands  of  Garscube  ; 
but  they  are  not  very  deep,  probably  because  they  were  driven 
into  it  near  its  southern  shore — one  at  "Westerton  was  127  feet  in 
depth,  and  another  150  feet — but  in  it  the  rock  was  not  reached, 
while  near  Garscube  the  rock  was  reached  at  175  feet,  which  last 
was  sunk  in  a  hillock,  and  had  96  feet  of  boulder  atop  with  79 
feet  of  sand  and  gravel  beneath  it.  Of  the  next  bore  at  Nesv 
Kilpatrick,  222  feet,  no  journal  was  obtained,  but  most  of  it  was 
said  to  be  sand  and  gravel.  Near  Kilmardinny  House  a  bore 
went  down  240  feet  without  reaching  the  rock.  The  next  bore  is 
tlie  deep  one  at  Millichin,  355  feet,  the  particulars  of  which  I 
need  not  again  detail,  but  may  note,  that  as  the  top  of  the-  bore  is 
134  feet  above  sea  level,  this  gives  221  feet  as  the  actual  depth  of 
this  hollow  below  the  present  sea  level.  The  only  height  in  the 
neighbourhood  of  which  we  are  certain  is  where  the  old  Koman 
wall  crosses  the  road  214  feet  above  sea  level,  which  consequently 
gives  435  feet  as  the  probable  depth  of  the  surface  deposits  under 
the  Boman  wall,  from  which  fact  it  is  certain,  I  think,  that  the 
Boman  navvies  who  dug  the  ditch,  which  is  now  the  only  remains 
of  the  wall,  were  in  no  danger  of  touching  the  rock-head  in  their 
excavations,  and  that  the  supply  of  raw  material  for  earth-woi-ks 
was  here  inexhaustible.  The  next  bore  is  that  of  West  Millichin 
farm-house,  200  feet  in  depth,  and  is  the  last  definite  one  we  have 
for  many  miles,  as  those  which  follow  are  from  various  circum- 
stances imperfect,  either  from  not  exhausting  the  surface,  or  from 
not  being  put  down  where  the  hollow  was  deepest.  They  may  be 
summarised  as  follows: — Summerston,  150  feet  without  reacluDg 
the  rock;  Buchley,  127  feet;  Torrance,  108  feet;  Springfield,  near 
Kirkintilloch,  212  feet,  but  only  111  feet  is  certain  surface 
Inchbreck,   110   feet;    Auchenreoch,    02    feet;    Gavel,   72    feet 
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Dnimbreck,  121  feet  without  reacliing  the  rock,  while  another 
reached  it  at  72  feet.  At  Kilsyth  this  channel  seems  to  have 
heen  split  into  two  branches,  by  the  Barrhill  one  going  round  it 
by  the  north  and  the  other  by  the  south,  but  as  the  latter  is 
evidently  the  main  channel  we  will  follow  it.  It  is  very  narrow, 
perhaps  not  more  than  300  or  400  yards  across,  and  is  Hanked  by 
great  hills  of  trap  which  rise  over  it  to  a  height  of  several 
hundred  feet,  yet  the  channel  between  them  maintains  a  depth  of 
from  90  to  120  feet,  and  seems  to  have  been  cut,  in  part  at  least, 
out  of  the  solid  trap.  Auchenvole  House,  near  Croy,  is  built 
upon  trap  on  the  north  side  of  the  trough,  and  yet  a  bore  put 
down  not  more  than  a  hundred  yards  from  the  trap  proved  the 
surface  deposits  to  be  120  feet  in  depth.  Half-way  between 
Auchensterry  bridge  and  Craigmarly  the  rock  was  not  reached  by 
a  bore  108  feet  in  depth.  Near  Coneypark  Colliery,  rock  was 
found  at  92  feet,  while  at  Wyndford  (lock  20  on  the  canal)  it  was 
not  found  at  138  feet.  Beside  the  church  at  Haggs,  at  the  same 
depth  (138  feet),  the  rock  was  also  not  reached.  The  district  to 
which  these  bores  refer,  extending  from  Kilsyth  to  Castlccary,  is 
in  parts  almost  literally  covered  with  large  boulders,  many  of 
them  from  six  to  eight  feet,  and  some  of  them  ten  and  even 
twelve  feet  in  diameter.  They  all  seem  composed  of  one  kind  of 
trap,  and  to  have  come  from  one  place  at  or  near  one  time.  They 
must  have  been  ice-borne,  but  whether  the  ice  was  carried  by 
water  as  icebergs,  or  by  gi-avitation  as  glaciers,  is  not  apparent,  as 
few  of  them  retain  marks  of  travel-wear— only  one  fact  is  certain, 
at  a  very  late  period  in  the  glacial  epoch,  ice  in  gi'eat  quantity 
must  have  passed  through  the  channel  ere  such  a  multitude  of 
boulders  could  be  collected  together  by  it.  But  to  resume,  the 
next  bore,  which  is  at  Dennyloanhead,  gives  92  feet  of  sand, 
another  near  Larbert  Junction  120  feet  of  sand,  and  two  at 
Camelon  104  and  126  feet  of  sand.  At  Don-ator,  not  far  fi-om 
the  Carron  Ironworks,  a  bore  gave  158  feet  sand  and  clay; 
another  at  Longlees  gives  157  feet,  of  which  65  feet  was  sand  and 
mud,  16  feet  blue  till,  73  feet  sea  mud  and  quicksand,  and 
then  3  feet  blue  till  and  stones,  which  seems  almost  a  repetition  of 
the  Garscadden  section.  In  working  a  coal  pit  near  Carronshore, 
about  40  years  ago,  the  shank  of  which  consisted  of  1 38  feet  of  sur- 
face, the  coal  was  found  cut  off  by  sand  at  240  feet,  proving  that  the 
surface  deepened  1 00  feet  within  a  few  hundred  yards.   AtTowncroft 
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farm,  near  Skinflats,  witliiu  a  mile  of  Grangemoutli,  we  have  four 
deep  bores  at  273,  234,  252  (rock  not  reacked),  and  211  feet.  As 
tkese  sections  are  exceedingly  interesting,  I  may  detail  two  of 
these  deep  bores,  and  one  which,  though  not  so  deep,  being  155 
feet,  yet  is  more  instructive  from  the  section  being  exposed  by  a 
pit  shank.  For  these,  along  with  a  number  of  others,  we  are  in- 
debted to  Mr.  Mackay  of  Grangemouth. 

Xo.   1  Bore,  between  Towncroft  Farm  and  Carron  River — 200  yards 
from  river.     Height  of  surface,  12  feet  above  sea  level. 


Feet. 

Feet. 

Surface  sand, 

6 

Soft  blue  till,      - 

-      17 

Blue  mud,  - 

4 

Hard  blue  till,    - 

-     140 

Sand,- 

4 

Sand,- 

-      20 

Gravel, 

3 



Sand,- 

-      33 

273 

Red  clay,    - 

-      46 

In  this  bore  we  have  96  feet  of  aqueous  sediment,  then  157  feet  of 
ice-drift  with  20  feet  of  interarlacial  sand  beneath. 


6 
3 
1 
2 

8 

3 

15 

49 
20 

Sand, 

Hard  blue  till  and  stones,  - 

Sand, 

Hard  blue  till  and  stone?,  - 

Sand, 

Hard  blue  till,    - 
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24 
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24 
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No.   2  Bore,  about  150  yards  north  of  No.    1.      Height  of  surface, 
12  feet  above  sea  level. 

Feet.      .  Feet. 

Surface  sand, 
Blue  mud,  - 
SheU  bed,  - 
Gravel, 
Blue  mud,  - 
Gravel, 

Blue  muddy  sand, 
Red  clay,   - 
Blue  till  and  stones. 

This  bore,  which  almost  equals  the  jNIillichin  bores  in  the  number 
of  beds  of  boulder  clay  and  sand  alternating  with  each  other, 
confirms  decisively  the  conclusions  drawn  from  them. 

No.  3  Bore,  about  150  yards  north  of  No.  2, — shaft  at  present  (21st 

Feet. 
36 

2 
17 

8 
14 

155 

These  three  bores  give  a  transverse  section  of  one  half  of  the 
trough.  The  first  may  l)e  considered  as  situated  in  the  centre, 
which  in  that  case  may  be  taken  to  be  273  feet  in  depth  ;  the 
second  150  yards  to  the  north  of  No.  1,  and  is  234  feet  in  depth, 


Aug.,  1868)  being  sunk. 

Height  of  surface,  12  ft.  ab 

Feet. 

Surface  sand. 

0 

Soft  till,     - 

Soft  mud  with  shells. 

11 

Sand  (pure), 

Blue  mud  and  sand  (hard). 

3 

Soft  till  and  sand 

Channel  ( rough  gravel ) ,      - 

3 

Gravel, 

Fine  sand. 

8 

Hard  blue  till,    - 

Running  sand  (red  .^'.  fme),- 

17 

Redclay,    -         -         -         - 

30 
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showing  a  rise  of  1  foot  in  11;  the  tliird  bore  is  situated  150 
yards  north  of  No.  2,  showing  a  rise  of  1  foot  in  7,  which  two 
gradients  prove  that  the  deepest  part  of  the  trough  is  not  of  great 
breadth  here,  as  it  decreases  118  feet  in  300  yards.  It  is  certainly 
desirable  that  more  bores  might  be  collected  in  order  that  so 
interesting  a  point  might  be  satisfactorily  determined.  The  last 
quoted  section  (bore  No.  3)  was  opened  up  by  a  pit  shank, 
advantage  of  which  was  taken,  and  portions  of  the  beds  numbered 
2,  3,  5,  G,  7,  and  8,  were  collected  by  Mi-.  Croll  and  subjected  by  me 
to  the  process  of  washing  to  make  certain  of  theii*  cliaracter,  as  well 
as  to  prove  if  any  organic  remains  yet  existed  in  them.  The 
result  in  every  case  verified  the  borer's  descriptions  and  justified 
completely  the  trust  we  have  put  in  them,  as  better  terms  could 
not  have  been  selected  to  characterise  the  different  divisions  of  the 
section  than  those  therein  ap]:)lied  to  them.  Particular  attention 
was  paid  to  No.  8 — soft  till,  3G  feet — and  its  character  as  boulder 
clay  thoroughly  established,  a  very  large  proportion  of  the  pebbles 
being  striated  or  otherwise  ice-worn,  Avhich  is  rather  important,  as 
it  proves  that  the  157  feet  of  soft  and  hard  till  in  bore  No.  1  must 
be  boulder  clay  beyond  all  doubt.  Beds  No.  2,  5,  and  7,  had 
organic  remains,  but  in  very  different  proportions.  No.  2  is  the 
great  oyster-shell  bed  which  has  been  recognised  in  so  many  places 
all  along  the  margin  of  the  ancient  Firth  of  Forth.  The  oysters 
in  this  instance  were  very  large  and  massive,  to  a  degree  seldom 
attained  by  the  "natives"  of  the  present  sea,  whose  life-term  is 
determined  by  the  dredge.  Many  other  shells  were  associated 
with  the  oysters,  but  as  they  are  all  recent,  and  prove  no  more 
complicated  geological  viscissitude  than  simple  upheaval,  they 
need  not  be  enumerated.  Bed  No.  5 — fine  sand,  8  feet — yielded 
a  few  fragments  of  Tellina-likc  shells  and  a  considerable  number 
of  Foraminifera  in  perfect  condition.  They  seemed  all  to  belong  to 
one  species,  Nonioniiut  striato-punctata.  Bed  No.  7 — red  clay,  3G 
feet — yielded  very  few  Foraminifera,  just  sufficient  to  prove  that  it 
was  not  altogether  azoic.  The  clay  was  very  fine  in  grain  and 
extremely  pure,  the  adventitious  sand  Ijeing  very  small  in  quantity. 
Bed  No.  8 — soft  till,  36  feet — yielded  nothing  that  had  ever  had 
life,  but  pebbles  of  coal  and  coal  dust,  the  quantity  of  which  was 
large — the  last  remains  of  the  many  coal  seams  that  perished  in  the 
great  denudation  of  the  ice  period.  The  inquiry  ended  here,  as  this 
was  the  point  reached  by  the  shank  when  the  samples  were  taken. 

L 
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But  Mr.  StMing,  the  manager  of  Grangemouth  pits,  has  however 
kindly  promised  to  preserve  specimens  of  all  the  succeeding  beds, 
down  to  the  rock  head.  I  have  noted  these  particulars  as  this  is  the 
first  pit  shank  that  has  yielded  to  us  materials  for  minute  search,  and 
though  the  results  are  not  very  remarkable,  still  they  are  sufficient 
to  show  how  much  more  might  have  been  obtained  if  the  beds 
passed  through  had  represented  greater  variety  of  zoological  con. 
ditions.  As  bores  are  more  frequently  made  than  pit  shanks, 
and  to  gi-eater  depths,  the  sands,  clays,  or  muds  brought  up  by 
the  borer's  auger  might  be  washed  and  subjected  to  the  same 
minute  examination,  and  the  zoological  character  of  very  deep 
surfaces  be  thereby  ascertained  and  determined  as  effectively  as 
the  ooze  of  the  Atlantic  was  by  the  samples  of  it  brought  up 
while  the  lost  electric  cable  was  recovered.  That  the  trough  goes 
right  into  the  sea  at  a  great  depth  was  shown  by  the  coal  being 
cut  off  by  till  at  240  feet  in  a  pit  near  Heuck  while  the  miners 
were  working  under  the  sea. 

Such  is  the  strange  fact  which  these  bores  reveal — a  great,  deep 
hollow,  stretching  from  sea  to  sea,  fairly  splitting  Scotland  in 
twain.  Innumerable  queries  rise  spontaneously  in  our  minds  as 
we  traverse  in  thought  this  great  hollow,  and  strive  to  find  a  cause 
and  a  date  for  it.  Was  it  wholly  scooped  out  by  the  ice-sheet  of 
the  glacial  period,  which  we  know  to  have  passed  out  to  seaward 
over  Clydesdale  in  this  dii^ection ;  or  did  it  originate  in  some 
subterranean  fault  during  some  far-off  geological  time,  and  has 
been  simply  widened  or  deepened  by  subaerial  or  sub-glacial 
denudation  since  then  ?  Farther  research  ought  to  settle  this 
point,  and  all  who  have  occasion  hereafter  to  make  bores  or  sink  pit- 
shanks  in  the  line  of  its  course,  will,  I  hope,  study  the  sections  or 
examine  the  materials  taken  out,  in  order  that  by  multiplying 
observations  we  may  complete  what  we  at  present  know  but  in 
paii;.  As  an  incitement  to  such  inquiry,  I  may  state  that  from 
both  ends  of  this  trough  being  filled  to  a  depth  of  several  hundred 
feet  with  boulder  clay  or  other  glacial  deposits,  while  in  the  middle 
portion — that  from  Kilsyth  to  Castlecary — only  sand  and  gi*avel 
has  been  found,  it  may  be  concluded  that  the  trough  was  filled 
during  the  earlier  part  of  the  glacial  period  with  the  peculiar  drift 
of  that  time  ;  that  afterwards,  when  the  land  was  submerged  to  a 
depth  of  several  hundred  feet,  this  channel  existed  as  a  narrow 
kyle  or  strait  through  which  the  currents  and  tides  flowed  with 
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force,  and  this  boulder  clay  was  washed  out  of  the  naiTOwest  and 
highest  parts  and  replaced  by  sand  or  gravel,  the  common  drift  of 
the  sea,  while  the  great  beds  of  boulder  clay  escaped  denudation 
from  lying  secure  beneath  their  range. 

The  third  series  of  ])ores  are  those  which  reveal  the  depth  and 
character  of  that  branch  of  the  glacial  sea  which  extended  from 
Paisley  over  to  Garscadden,  a  distance  of  fully  five  miles,  in  which 
space  more  than  fifty  bores  demonstrate  the  geogi'aphy  of  the 
glacial  sea  bottom  more  effectively  than  if  an  Admiralty  survey  of 
it  had  been  taken  when  it  was  yet  recent  and  the  water  in  it.  It 
is  shown  to  have  been  very  uneven  and  as  much  marked  by 
heights  and  hollows  as  any  boulder  hillocky  region  on  dry  land. 
This  was  shown  by  nine  of  these  bores — one  at  Candren,  two  at 
Walkingshaw,  five  at  Blythswood,  and  one  in  the  bed  of  the 
river  at  North  Barr  House — going  through  boulder  clay  alone,  by 
which  we  learn  that,  as  the  ground  is  flat,  they  were  sunk  in 
what  are  now  subterranean  hillocks,  but  which  were  once  sub- 
marine islands  or  shoals  in  a  sea  depositing  mud  around  them. 
Seventeen  bores — two  at  Candren,  nine  at  "Walkingshaw,  one  at 
Blythswood,  three  at  the  Barns  of  Clyde,  and  one  at  Blairdardie — 
went  through  sand  and  mud  only,  the  silt  of  the  glacial  sea  filling 
up  the  hollows  between  the  submerged  hillocks  or  shoals.  The 
deepest  of  these  bores  are  at  Walkingshaw,  one  being  152  and 
another  159  feet  deep;  one  at  Shiels  above  Renfrew,  144;  and 
the  remainder  from  80  to  100  feet  deep.  As  the  present  surface 
at  Walkingshaw,  where  the  159  feet  bore  is  situated,  is  17  feet 
above  the  current  sea  level,  if  the  surface  were  removed,  the  sea 
would  stand  there  even  now  144  feet  deep.  Though  we  have  no 
record  of  shells  in  the  journals  of  these  bores,  yet  they  were  met 
with  in  great  numbers,  as  Mr.  Croll  remarks  that,  in  reply  to  his 
inquii'ies,  all  the  borers,  farmers,  and  others,  connected  with  the 
district  extending  from  Renfrew  over  to  Houston  and  up  to 
Johnstone,  testified  of  the  immense  number  of  shells  found  by 
them  in  the  clay  during  their  operations,  showing  that  the  glacial 
sea  was  as  full  of  life  as  the  present  sea  is.  At  Blaii'dardie,  Dr. 
Robertson  reports,  that  in  one  pit,  situated  where  the  Tliirdpart 
road  joins  that  to  Garscadden,  a  bed  was  passed  through  con- 
taining the  regular  boreal  shells  of  the  district,  Pecten  Islandicus 
being  the  chief.  In  another  pit  situated  several  hundred  yards  to 
the  east,  a  bed  of  mud  occurred  54  feet  deep,  which  had  in  it 
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many  shells  resembling  the  •='  common  cockle,"  perfectly  preserved, 
whicli  cockle-like  shells  were  probably  Cyprina  Islandica  not  fully 
grown.  There  is  a  clay  field  situated  between  these  two  pits 
in  which  a  few  shells  are  sometimes  found,  but  they  are  all 
recent,  and  probably  lived  immediately  after  the  close  of  the 
glacial  period.  The  clay  is  exceedingly  rich  in  Foraminifera. 
Nineteen  bores  have  more  or  less  boulder  clay  in  them,  sometimes 
only  a  few  feet,  at  other  times  more  than  half.  At  Craigielee, 
near  Paisley,  and  Garnieland,  near  Renfrew,  rocks  come  above 
cyround,  and  these  must  have  been  sunken  rocks  at  that  time, 
upon  which,  doubtless,  many  a  sliip  of  ice  foundered  and  sufiered 
shipwreck.  From  these  facts  it  is  clear  that  the  bottom  of  the 
glacial  sea  was  violently  undulating,  as  much  so  as  any  boulder 
hillock  land  surface,  and  that  into  these  hollows  the  mud  of  the 
glacial  sea — the  washings  of  these  very  hillocks — were  deposited, 
and  in  them  lived  the  shells  which  have  made  this  region  so 
famous  in  post-tertiary  geology. 

Such  are  some  of  the  results  we  have  obtained  from  the 
bores  already  in  our  hands.  I  think  they  prove  that  this 
mode  of  research  is  worthy  of  more  attention  than  geologists  have 
yet  given  to  it,  and  I  hope  that  not  only  journals  of  bores  Avill  be 
hereafter  collected  and  studied,  but  that  the  materials  brought  up 
by  the  borer's  auger  or  the  pit-sinker's  bucket  may  be  subjected 
to  minute  examination  by  washing,  and  their  character  and  period 
ascertained  from  the  shells  contained  in  them.  It  seems  quite  as 
possible  to  determine  the  nature  of  the  shells  recovered  by  the 
process  of  boring  as  it  is  to  ascertain  the  character  of  the  shells 
found  only  in  fragments  in  the  boulder  clay  of  Caithness,  as  they 
cannot  be  more  comminuted  in  the  one  case  than  in  the  other,  the 
tearing  action  of  the  auger  not  being  as  destructive  as  the 
crushing  weight  of  an  iceberg.  It  is  hoped,  therefore,  we  may 
have  soon  the  contents  of  some  deep  bore  passing  through  a 
surface  as  extremely  interesting  as  that  of  West  Millichin  tested 
in  this  way,  and  the  true  character  of  the  great  beds  of  interglacial 
sand  demonstrated,  and  all  speculations  such  as  we  indulge  in 
regarding  them  set  at  rest. 
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XI.  On  Boulder  Clay.  By  Rev.  Henry  W.  Crosskey,  F.G.S., 
Vice-President. 
(Read  9tli  January,  1SC8.) 
Under  tlie  general  term,  Boulder  Clay,  many  deposits  produced 
at  various  periods  during  the  great  glacial  epoch,  and  by  different 
causes,  have  been  loosely  included.  It  is  necessary  to  distinguish 
between  these  various  "Boulder  Clays,"  before  observers  in 
separate  localities  will  be  able  to  understand  each  other's  language, 
and  before  any  satisfactory  theories  can  be  established  regarding 
the  methods  of  their  formation. 

The  old  motto  for  statesmen  dealing  with  barbarous  tribes  on 
the  frontiers  of  an  empire  was,  "Divide  and  command;"  and  this 
must  also  be  the  motto  for  students  of  the  apparently  confused 
accumulations  of  glacial  deposits.     We  must  divide  to  command. 

I.  The  oldest  boulder  clay  I  at  present  believe  to  be  represented 
by  that  which  underlies  the  shell  clay  of  the  West  of  Scotland. 

It  is  only  in  the  lower  districts,  however,  that  the  shell  clay 
rests  upon  it,  while  it  reaches  to  a  height  in  Scotland  (1,500  feet 
or  more)  far  beyond  that  at  which  any  shells  have  yet  been  dis 
covered.  Its  thickness  extends  from  a  mere  cohering  of  the  rock, 
to  the  depth  of  even  300  feet,  and  is  excessively  variable. 

It  is  closely  compact,  as  though  subjected  to  immense  pressure, 
and  difficult  to  work  even  with  the  pick-axe. 

Although  occasionally  containing  patches  of  sand,  of  gi-eater  or 
less  extent,  it  has  no  stratification.  The  included  stones  are  in 
large  numbers,  polished  and  striated,  and  have  not  been  broken  by 
the  process  through  which  they  have  passed.  Even  thin  and 
brittle  pieces  of  shell  are  found  finely  striated. 

These  polished  and  striated  surfaces  are  so  freshly  preserved 
that  the  stones  could  not  have  been  rolled  on  a  beach  subsequently 
to  theii'  production.  Any  trituration  would  at  once  destroy  the 
fineness  of  the  glaciated  surfaces. 

The  included  stones  are  chiefly  traceable  to  the  heights  nearest 
the  locality  in  which  the  special  bed  is  found,  although  a  certain 
proportion  have  travelled  from  distances  in  the  direction  along 
which  a  glacier  would  naturally  have  moved,  according  to  the 
general  conformation  of  the  country. 

This  boulder  clay,  we  suggest,  belongs  to  the  period  when  the 
cold  of  the  glacial  epoch  reached  its  intensest  point. 
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It  preceded  the  development  of  the  arctic  fauna,  now  fossil  in 
our  glacial  clays,  since  the  shell  beds  again  and  again  most 
decisively  rest  upon  it. 

The  highest  point  at  which  arctic  shells  are  found  in  Scotland  is 
510  feet  (Airdrie);  from  that  point  downwards  at  various  levels  to 
half-tide  mark  and  beneath  the  sea. 

The  boulder  clay,  however,  is  found  destitute  of  shells  to  the 
height  of  at  least  1,600  feet,  in  every  hollow  and  nook,  on  moun- 
tain flanks,  through  Scotland. 

The  only  cases  of  fossiliferous  boulder  clays  are  those  which  I 
shall  presently  describe  under  the  second  type  of  boulder  clay,  and 
which  form  cliffs  upon  the  shore,  and  never  extend  to  any  distance 
inland. 

It  is  difficult  to  explain  these  facts  in  connection  with  the  maiine 
origin  of  the  older  boulder  clay. 

Upon  the  higher  grounds  it  occupies  frequently  large  hollows; 
these  hollows  might  possibly  have  existed  beneath  an  ice  sheet,  and 
the  clay  have  be3n  accumulated  mthin  them,  and  subjected  to 
great  pressure. 

At  lower  levels  the  boulder  clay  is  largely  developed,  both  in 
the  plains  themselves,  and  on  the  flanks  of  the  hills  bordering 
wide  valleys,  and  may  thus  have  been  formed  beneath  the  glacier 
near  its  termination  at  the  sea. 

Whatever  explanation  if  its  origin,  however,  may  be  given, 
there  seems,  so  far  as  present  investigations  extend  (and  I  admit 
that  all  present  investigations  are  more  or  less  tentative),  to  be 
evidence  for  the  existence  of  a  boulder  cjay.  (1)  Older  than  the 
fossiliferous  glacial  deposits.  (2)  Extending  to  greater  heights  than 
those  to  which  the  proof  of  any  recent  elevation  in  Scotland  yet 
extends.  (3)  XJnsubjected  to  any  action  of  the  tidal  wave  upon 
the  shore.  (4)  And  connected  with  the  more  remote  and  extreme 
arctic  conditions. 

IT.  There  is  a  boulder  clay  very  similar  in  physical  comj)Osition 
to  the  one  just  described,  but  containing  fragments  of  broken  shells 
and  many  Entomostraca  and  Foraminifera. 

I  have  examined  this  along  the  Iiish  coast,  at  the  base  of  the 
Hill  of  Houth,  and  many  other  localities ;  on  the  Scotch  coast ; 
on  the  English  coast  near  Sunderland;  in  Yorkshii-e,  and  along 
the  banks  of  the  Mersey. 

The  shells  this  boulder  clay  contains  are  essentially  arctic  in 
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character,  but  they  are  veiy  fragnientaiy,  and  even  single  valves 
are  seldom  found  whole.  This  feature  is  in  strange  contrast  with 
the  state  in  which  fossils  arc  found  in  the  great  shell  beds,  resting 
upon  the  boulder  clay  in  the  Clyde  districts.  In  these  shell  bed.s 
specimens  are  characteristically  found  with  united  valves,  and  in 
their  natural  position. 

I  have  not  yet  observed  this  clay  in  any  other  situation  than 
within  easy  reach  of  the  shore,  and  I  am  inclined  to  regard  this 
fossiliferous  boulder  clay  as  peculiar  to  the  seaward  tenninations  of 
the  general  deposit. 

This  fact  (if  as  a  fact  it  is  finally  established  by  further  re- 
searches) may  throw  considerable  light  u2)on  its  origin. 

Tills  fossiliferous  boulder  clay  may  represent  the  debris  accu- 
mulated on  its  progress  downwards  from  the  mountain  by  the 
descending  glacier,  and  deposited  by  it,  as  it  pushed  itself  beneath 
the  sea  on  reaching  the  shore. 

While  this  boulder  clay  possesses  the  general  physical  character- 
istics of  the  boulder  clay  fii'st  described — containing  the  usual 
stirated  and  polished  stones,  and  being  compact  and  unworkable — 
these  characteristics  may  perhaps  fairly  be  described  as  not  quite 
so  intense  in  theii-  development  in  many  cases,  although  often]  its 
only  distinguishing  mark  is  the  presence  of  shell  fragments. 

Its  peculiar  position  in  cliffs  near  the  shore,  the  occurrence  of 
fossils,  and  its  general  composition,  seem  to  sustain  the  theory  that 
it  marks  the  point  where  the  debris  of  great  glaciers  was  pressed 
to  the  bottom  of  the  sea  at  the  final  point  of  their  descent. 

Without  reference,  however,  to  the  method  of  its  formation,  as 
a  matter  of  fact  there  exists  a  boulder  clay.  (1)  Fossiliferous — the 
included  shells  being  arctic  in  character,  but  fragmentary.  (2) 
chiefly  developed  in  the  neighbourhood  of  the  shore  in  the  form  of 
sea  cliffs.  (3)  Physically  the  same  as  that  which  underlies  the 
shell  clay  of  the  Clyde  district,  although  sometimes  distinguishable 
by  a  diminution  in  the  intensity  of  its  characteristics. 

III.  The  type  of  a  thii'd  clay,  which  may  in  its  extreme  form 
be  termed  a  boulder  clay,  may  be  seen  near  liag,  Arran,  over- 
lying the  older  boulder  clay.  It  is  very  hard  and  compact;  the 
shells  are  better  preserved  than  in  the  second  boulder  clay;  but 
the  embedded  stones  are  not  so  well  striated,  and  have  been  more 
or  less  worn  since  theii'  fii'st  glaciation.  Patches  of  sand  and  sandy 
clay  are  common. 
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This  clay  I  aui  disposed  to  regard  as  the  wash  of  the  last 
described  boulder  clay  upon  a  somewhat  exposed  coast.  The 
angular  blocks  have  been  jumbled  together,  and  their  striations  half 
obliterated,  and  their  polish  somewhat  worn  off,  while  the  clay 
has  been  washed  and  re\vashed  around  them,  and  a  rude  and 
rough  habitat  formed  for  the  scanty  development  of  some  forms  of 
molluscan  life. 

TV.  An  upper  boulder  clay  belonging  to  the  period  of  retreating 
glaciers,  and  an  ameliorated  climate,  is  very  distinguishable.  (1) 
It  is  far  less  compact  than  any  clay  yet  described.  (2)  The  in- 
cluded stones  have  very  feeble  polish,  and  only  faint  reminiscences 
survive  of  their  former  striations.  They  have  evidently  been  much 
worn  in  many  cases,  and  in  others  have  not  been  subjected  to  any 
extreme  glaciating  force.     (3)  It  is  not  fossiliferous. 

The  older  boulder  clay,  and  this  younger  boulder  clay  may 
sometimes  be  seen  resting  upon  each  other.  At  Chapel  Hall, 
Airdrie,  a  good  example  of  this  occurs.  The  line  of  separation  in 
a  well  dug  by  Mr.  Eussell  in  his  garden,  might  even  be  detected 
by  the  eye,  and  it  was  in  a  deposit  occurring  between  the  two  that 
fossils  were  found. 

Sometimes  a  shell  bed  may  been  seen  in  sections  intervening 

between    the  older  and  the  newer  boulder  clay.       This  may  be 

admirably  studied  in  the  beds  before  alluded  to  near  Lag,  Arran.^ 

In  regular  and  ascending  order  may  be  seen  the  older  boulder 

clay — 1  of  this  paper;  unfossiliferous  and  typical. 

The  fossiliferous  clay — 3  of  this  paper;  mth  a  scattering  of 

striated  stones;  a  wash  from  an  older  bed,  indicating  depression. 

Younger  boulder  clay — 4  of  this  paper;  unfossiliferous,  loose 

and  sandy,  with  feebly  striated  stones;  the  most  recent  bed  which 

can  be  attributed  to  ice  action. 

If  there  be  any  truth  whatever  in  these  divisions  of  "boulder 
clay,"  it  is  evident  that  to  speak  of  a  fossil  as  found  in  boulder 
clay,  or  under  boulder  clay,  is  a  most  vague  and  indefinite  phrase. 
A  shell  may  be  said  to  occur  in  the  boulder  clay,  and  may  have 
been  found  in  the  second,  third,  or  fourth,  of  the  beds  discriminated 
in  this  paper;  or  a  shell  may  be  said  to  occur  under  the  boulder 
clay,  and  may  have  been  found  under  the  first  or  the  fourth. 
A  fossil  really  belonging  to  the  age  of  the  Paisley  clay  may  thus 

1  See  a  joint  account  of  these  beds  by  Dr.  Bryce  and  the  writer,  "Geology 
of  Arran."— P.  166, 2nd  edition. 
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be  ascribed  to  a  more  remote  or  a  more  recent  era,  to  the  great 
confusion  of  any  attempt  to  understand  either  variations  of  climate 
or  distribution  of  species  during  the  glacial  epodi. 

The  classification  of  boulder  clays  in  this  paper  is  given  as  a 
suggestion  rather  than  in  any  way  as  an  established  arrangement, 
with  the  view  of  urging  upon  the  members  of  the  Society  the 
necessity  for  more  extended  investigations. 
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It  is  at  once  an  obstacle  and  an  aid  to  the  spread  of  sound 
geological  knowledge  that  the  wider  problems  of  the  science  are 
in  some  of  their  aspects  capable  of  easy  apprehension.  The 
facility  with  which  theii'  nature  and  bearings  may  in  many  cases 
be  imderstood,  added  to  the  attractiveness  of  the  subject  itself, 
undoubtedly  tends  to  increase  largely  the  number  of  earnest 
students  of  geology.  But  this  facility  has  brought  a  long  list  of 
followers,  who,  misled  by  the  simplicity  of  the  first  aspect  of 
the  subject,  have  imagined  that  no  more  serious  difficulties  lay 
beyond.  Such  a  misconception  would  not,  indeed,  have  been  so 
unfortunate,  had  not  those  who  laboured  under  it  felt  themselves 
impelled  to  publish  theii'  views  to  the  world.  For  in  this  way 
geological  literature  in  this  country  has  been  burdened  with  a 
w^eight  of  crude  opinion  and  hypothesis  which  seriously  retard  the 
advance  of  the  science. 

Ko  branch  of  geological  inquiiy  ofi'ers  a  more  signal  example  of 
this  result  than  that  which  deals  more  especially  with  the  influence 
of  Denudation  upon  the  present  outlines  of  a  land-surface.  The 
subject  possesses  a  strong  human  interest,  and,  viewed  from  certain 
points,  presents  itself  in  a  simple  and  intelligible  guise.  It  has 
accordingly  attracted  much  attention,  and  the  amount  of  literature 
devoted  to  it  has  now  become  very  large.  Of  some  portions  of 
this  literature  it  is  scarcely  possible  to  exaggerate  the  value ;  the 
contributions  of  Ramsay,  Jukes,  and  others,  are  among  the  most 
important  which  have  been  made  in  this  department  of  the  science 
for  many  years.  Yet  of  other  parts  it  is  not  too  much  to  say,  that 
they  consist  of  mere  crude  speculations  based  upon  no  thorough 
geological  knowledge,  and  that  their  publication  has  been  on  the 
whole  a  damage  to  the  cause  of  true  geology.  More  especially 
are  they  remarkable  for  the  misconception  which  they  display 
regarding  the  real  nature  of  the  processes  involved  and  the  results 
obtained  in  denudation.  This  great  geological  domain  is  treated 
as  if  it  presented  no  difficulties  to  the  inqiiirer,  but  stood  out  from 
the  other  provinces  of  science  in  demanding  no  previous  scientific 
knowledge  from  those  who  would  enter  it.  In  reality,  however, 
to  attain  to  an  adequate  realization  of  what  denudation  actually 
involves,  demands  an  amount  of  study  and  knowledge  which  is 
far  from  general.  Before  we  are  in  a  position  to  deal  with  the 
denudation  of  a  country,  we  must  first  master  the  geological 
structure.     The  varied  relations  of  the  different  rocks  to  each 
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otlier,  tlieir  litliological  changes,  tlieir  unconformable  junctions, 
the  faults  which  traverse  them,  the  proofs  of  unequal  subterranean 
movement,  with  all  the  other  complex  phenomena  included  under 
the  geological  structure  of  a  district,  must  first  be  mastered  before 
we  can  legitimately  advance  to  a  consideration  of  its  denudation. 
But  it  will  be  readily  understoud  that  this  demands  an  amoimt  of 
patient  inquiry  which  comparatively  few  are  willing  or  have  the 
opportunity  to  bestow. 

With  so  much  in  its  first  aspect  that  is  simple  and  attractive, 
denudation  is  nevertheless,  as  it  seems  to  me,  one  of  the  most 
complex  and  difficult  subjects  with  which  a  geologist  can  deal.  I 
believe  that  we  are  still  far  from  having  mastered  all  that  it 
involves.  Its  results,  indeed,  are  everywhere  aj)parent,  alike 
among  the  vestiges  of  former  terrestrial  surfaces  and  upon  the 
outlines  of  the  existing  land.  But  the  manner  in  which  these 
results  were  brought  about,  how  the  work  is  to  be  rightly 
apportioned  to  the  different  forces  concerned,  how  far  these  forces 
have  varied  in  their  mode  or  rate  of  action  in  former  geological 
periods,  to  what  extent  they  may  have  been  influenced  by  cos- 
mical  changes, — these  are  questions  to  which  we  are  not  yet  able 
to  give  fully  satisfactory  answers.  With  so  much,  therefore,  that 
is  difficult  and  still  obscure  in  this  question,  one  cannot  but  regret 
that  there  should  have  been  so  much  darkening  of  counsel  without 
knowledge,  and  that  by  this  means  the  profitable  discussion  of  the 
subject  should  have  been  so  sadly  impeded.  I  do  not  wish,  on 
the  present  occasion,  to  lay  myself  open  to  the  same  censure  by 
bringing  forward  any  further  hypotheses.  My  object  is  to  direct 
attention  to  the  existing  processes  of  denudation  with  the  view, 
if  possible,  of  gathering  from  them  some  indications  that  may 
guide  us  in  investigating  the  denudation  of  past  geological  times. 
Hutton,  the  great  founder  of  modern  physical  geology,  is  never 
tired  of  reiterating  that  we  must  "examine  the  construction  of  the 
present  earth  in  order  to  understand  the  operations  of  time  past;" 
"for  so  far  as  it  is  to  natural  causes  that  are  to  be  ascribed  the 
operations  of  former  time,  there  are  in  the  constitution  of  the 
world  which  we  now  examine  certain  means  to  read  the  annals  of 
a  former  earth." — "No  powei-s  are  to  be  employed  that  are  not 
natural  to  the  globe,  no  action  to  be  admitted  of  except  those  of 
which  we  know  the  principle." — "Nor  are  we  to  proceed  in 
feigning  causes  when  those  seem  insufficient  which  occur  in  our 


156  TRANSACTIONS   OF   THE   GEOL.    SOC.    OF   GLASGOW. 

experience."^  It  is  possible  to  push  this  principle  of  uniformity 
of  causation  too  far,  as  some  of  Hutton's  followers  have  probably 
done.  But  within  certain  limits  it  is  a  safe  guide,  and  the  only 
one  by  which  we  can  hope  to  interpret  the  history  of  the  planet 
on  which  we  dwell. 

I.  Suhcerial  denudation  considered  as  the  removal  of  so  much  rock 
from  the  general  surface  of  a  country/. 

I  propose  in  the  present  paper  to  consider  the  nature  and  rate 
of  progress  of  modern  denudation.  This  will  lead  us  to  inquii'e  into 
the  relative  functions  of  the  various  denuding  forces,  and  how  far 
we  may  obtain  from  them  some  measure  for  estimating  the  value 
of  geological  time.^  Disregarding,  for  the  present,  the  details  of 
the  process,  it  will  be  of  advantage  to  look  first  of  all  at  its 
results,  such  as  we  witness  in  daily  progress  around  us.  It  is 
important  to  gain  a  clear,  generalized  view  of  these  results  before 
we  jDroceed  to  consider  how  they  are  one  by  one  attained.  From 
this  stand-point  we  are  led  to  perceive  that  the  true  measure  of 
the  denudation  of  a  country,  that  is,  the  extent  to  which  it  is  now 
being  worn  away  by  the  various  complicated  agencies  of  waste, 
is  to  be  sought  in  the  amount  of  mineral  matter  removed  from 
the  surface  of  the  land  and  carried  into  the  sea.  This  is  an 
appreciable  and  measurable  quantity,  and  how  much  soever  we 
may  dispute  regarding  the  way  in  which  the  waste  is  to  be 
apportioned  to  the  different  forces  which  have  produced  it,  we 
must  accept  the  total  amount  of  sea-borne  detritus  as  a  fact  about 
which,  when  properly  verified,  no  further  question  can  possibly 
arise.  In  this  manner  the  subject  is  at  once  disencumbered  of  all 
those  vexed  questions  regarding  the  relative  importance  of  rains, 
rivers,  frost,  glaciers,  &c.,  considered  as  denuding  agents.  We 
have  simply  to  deal  with  the  sum-total  of  results  achieved  by 
aU  these  forces  acting  severally  and  conjointly.     In  considering 

1  Hutton.     Theory,  I.  pp.  20,  160;  II.  549. 

2  "In  tlie  destruction  of  the  present  earth,  we  have  a  process  that  is  performed 
within  the  limits  of  oi;r  observation;  therefore,  in  knomng  the  measure  of  this 
operation,  we  shall  find  the  means  of  calculating  what  had  passed  on  a  former 
occasion,  as  well  as  what  will  happen  in  tlie  composition  of  a  future  earth.  Let 
us,  therefore,  now  attempt  to  make  this  estimate  of  time  and  labour."  Hutton. 
Roy.  Soc.  Edin.  I.  297.  The  profound  philosophy  and  almost  prophetic  intuitions 
manifest  throughout  the  writings  of  this  great  master  offer  to  the  student  of  the 
histoi-y  of  science  many  i)oints  of  interest.  As  a  contrast,  the  Geological  Essays 
of  Kirwan,  more  particularly  Essay  x.  p.  433,  may  be  profitably  perused. 
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the  subject  in  tliis  fashion,  we  find  a  new  light  cast  on  the 
origin  of  existing  land-surfaces,  and  obtain  some  fresh  data  for 
approximating  to  a  measure  of  past  geological  time. 

Of  the  mineral  substances  received  by  the  sea  from  the  land, 
one  portion,  and  by  far  the  larger,  is  brought  down  by  streams; 
the  other  is  washed  off  by  the  waves  of  the  sea  itself.     It  is  the 
former,  or  stream-borne  part,  which  is  at  present  to  be  considered. 
The  quantity  of  mineral  matter  carried  every  year  into  the  ocean 
by  the  rivers  of  a  continent  represents  the  amount  by  which  the 
general  surface  of  that  continent  is  annually  lowered.     If,  there- 
fore, we  can  measure  the  quantity  of  mineral  matter,  we  may 
easily  calculate  by  what  fraction  of  a  foot  the  general  surface  of 
the  land  is   annually  reduced.     Much  has  been  written   of  the 
vastness   of  the  yearly  tribute    of  silt  borne   to   the   ocean  by 
such  streams   as  the    Ganges   and  Mississippi ;    but   "the   mere 
consideration  of  the  number  of  cubic  feet  of  detritus  annually 
removed  from  any  tract  of  land  by  its  rivers  does  not  produce  so 
striking  an  impression  upon  the  mind  as  the  statement  of  how 
much  the  mean  surface-level  of  the  district  in  question  would  be 
reduced   by  such  a  removal."^     This   method   of  inquiry  is    so 
obvious  and  instructive  that  it  probably  received  attention  from 
early  geologists,  though  data  were  still  wanting  for  its  proper 
application.     Playfair,  for  instance,  in  speaking  of  the  transference 
of  material  from  the  surface  of  the  land  to  the  bottom  of  the  sea, 
remarks  that  "the  time  requisite  for  taking  away  by  waste  and 
erosion   two   feet   from    the   surface   of   all   our   continents   and 
depositing  it  at  the  bottom  of  the  sea,  cannot  be  reckoned  less 
than  200  years."  ^     This  estimate  does  not  appear  to  have  been 
based  on  any  actual  measurements,  and  must,  as  we  shall  see, 
greatly  exceed  the  truth ;  but  it  serves  to  indicate  how  broad  was 
the  \iew  which  Playfair  held  of  the  theory  which  he  undertook 
to  illustrate.     The   first   geologist,   so  far  as  I  am  aware,  who 
attempted   to   form   any  estimate  on  this  subject  from  actually 
ascertamed  data,  was  Mr.  Alfred  Tylor,  who,  in  the  year  1850, 
published  a  paper  in  which  he  estimated  the  probable  amount  of 

1  Tylor.  PliU.  Mng.  4th  Series,  V.  268,  1850. 
2  Illustrations,  p.  424.  Manfredi  had  previously  made  a  calculation  of  the 
amount  of  raiu  that  falls  over  the  globe,  and  of  the  quantity  of  earthy  matter 
carried  into  the  sea  by  rivers.  He  estimated  that  this  earthy  matter  distributed 
over  the  sea  bed  must  raise  the  level  of  the  latter  five  inches  in  348  yeai's.  Von 
HofiF,  Veriinderungen  der  ErdoberflUche,  Band  I.  232.  See  the  other  authorities 
there  cited. 
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solid  matter  annually  brought  into  the  ocean  by  rivers  and  other 

agents.     From  the  data  which  he  had  obtained,  he  inferred  that 

the   quantity  of  detritus  now  distributed  over  the  sea  bottom 

every  year  would,  at  the  end  of  10,000  years,  cause  an  elevation  of 

the  ocean-level  to  the  extent  of  at^least  three  inches.-^     Mr.  CroU 

has  recently  dra^vn  attention  afresh  to  this  subject,  particularly 

instancing  the  Mississippi  as  a  measure  of  denudation  and  thereby 

of  geological  time.^ 

When  the  annual  discharge  of  mineral  matter  carried  seaward 

by  a  river  and  the  area  of  country  drained  by  that  river  are  both 

known,  the  one  sum  divided  by  the  other  gives  the  amount  by 

which  the  drainage  area  has  its  mean  general  level  reduced  in  one 

year.     For  it  is  clear  that  if  a  river  carries  so  many  millions  of 

cubic  feet  of  sediment  eveiy  year  into  the  sea,  the  area  di-ained  by 

it  must  have  lost  that  quantity  of  solid  material,  and  if  we  could 

restore  the  sediment  so  as  to  spread  it  over  the  basin,  the  layer  so 

laid  down  would  represent  the  fraction  of  a  foot  by  which  the 

surface  of  the  basin  has  been  lowered  during  a  year.     Mr.  Tylor 

has  well  sho'svn  that  the  jDrocess  by  which  such  startling  results 

are  obtained  is  a  simple  arithmetical  one.     In  order,  however,  to 

obtain  them  with  complete  satisfaction,  we  must  first  be  furnished 

with  carefully  collected  and  verified  measurements  both  of  the 

amount  of  mineral  matter  carried  into  the  sea  by  any  given  river 

and  of  the  area  of  drainage  from  which  that  mineral  matter  is 

derived.     It  is  to  be  regretted  that,  as  yet,  these  measurements 

have  not  been  generally  made  with  the  requisite  accuracy.     The 

results  at  present  obtainable  from  them  are  therefore  necessarily 

only  approximative.     Nevertheless,  they  are  of  value  as  indicating 

the  character  of  the  conclusions  which  must  eventually  be  deduced 

from  more  perfect  data,  and  the  direction  in  wliich  research  ought 

in  the  meantime  to  be  earned. 

1  Phil.  Mag.  loc.  cit. 
2  Phil.  Mag.  for  February,  1867.  My  attention  was  first  called  to  this  subject 
by  this  paper  of  Mr,  Croll's,  and  Mr.  Tylor's  earlier  paper  was  afterwards 
pointed  out  to  me  by  Professor  Ramsay.  Since  the  present  communication  was 
read  before  the  Geological  Society  of  Glasgow,  Mr.  Croll,  following  up  the  line  of 
argument  suggested  in  his  former  memoir,  has  gone  into  further  detail  upon  this 
question  in  a  memoir  published  in  the  Philosophical  Marjazine  for  INIay  last, 
which  will  be  of  essential  service  to  geology.  The  conclusions  given  by  hun  in 
that  memoir  agree  with  those  in  the  present  one — a  resemblance  which  arises 
from  our  having  been  engaged  simultaneously  in  working  out  the  same  idea.  In 
the  one  case,  however,  that  idea  was,  as  I  have  said,  derived  by  me  from  one  of 
his  earlier  papers  ;  in  the  other  it  was,  so  far  as  he  was  concerned,  original,  as  his 
deductions  from  it  have  been  independent.  I  wish,  therefore,  fully  to  acknow- 
ledge that  the  merit  of  i)riority  lies  wholly  on  the  side  of  my  friend. 
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The  material  removed  from  the  land  by  streams  is  twofold;  one 
part  is  chemically  dissolved,  the  other  mechanically  suspended  in 
the  water  or  pushed  along  the  bottom  by  the  onward  motion  of 
the  stream.  The  chemically  dissolved  ingredients  are  derived 
})artly  from  springs,  partly  from  the  flow  of  rain  and  streams  over 
decomposing  rocks  at  the  surface.  The  reality  and  magnitude  of 
tliis  source  of  waste  are  apt  to  escape  notice  from  the  quiet  and 
invisible  way  in  wliich  the  process  is  carried  on.  The  published 
analyses  of  river  water,  however,  suffice  to  show  its  importance.^ 
The  nature  and  amount  of  these  chemically  dissolved  constituents 
vary  in  different  rivers,  and  even  in  the  same  river  at  different 
seasons.  The  Thames,  for  example,  carries  into  the  sea  every 
year  about  450,000  tons  of  salts  invisibly  suspended  in  its 
waters.  Carbonate  of  lime  in  this  as  in  most  other  rivers  is  the 
chief  ingredient.  Bischoff  has  calculated  that  the  Khine,  in 
addition  to  the  other  salts  which  it  contains,  carries  annually  into 
the  sea  a  sufficient  amoimt  of  carbonate  of  lime  to  form  the  shells 
of  332,539  millions  of  oysters  of  the  usual  size.^ 

Properly  to  estimate  the  amount  of  loss  sustained  by  the  area 
which  any  given  river  drains,  we  ought  to  know  the  mean  annual 
discharge  of  river  water,  the  ])roportion  of  saline  matter  held  in 
chemical  solution  in  the  water,  the  average  ratio  of  mud  held  in 
suspension,  and  of  sand  and  coarser  sediment  pushed  along  the 
channel  of  the  stream.  I  am  not  aware  that  all  these  data  have 
yet  been  collected  with  care  from  any  river,  though  some  of  them 
have  been  ascertained  with  great  accuracy,  as  in  the  Mississippi 
Survey  of  Messrs.  Humphreys  &  Abbot.  As  a  rule,  more 
attention  has  been  shown  to  the  amount  of  mechanically  sus- 
pended matter  than  to  that  of  the  other  ingredients.  For  the 
present,  therefore,  I  must  confine  myself  to  this  part  of  the  earthy 
substances  removed  from  the  land  by  running  water.  It  will  be 
borne  in  mind  that  the  following  estimates,  in  so  far  as  they  are 
based  upon  only  one  portion  of  the  waste  of  the  land,  are  under- 
statements of  the  tmtli. 

The  proportion  of  mineral  substances  held  in  suspension  in 
the  water  of  rivers  has  been  variously  estimated,  but  the  older 
calculations,  based  on  mere  conjecture,  are  hardly  worth  serious 
consideration.     Manfredi,  for  example,  set  down  the  proportion  as 

1  Bisclioff  has  collected  a  list  of  these  analyses.     See  his  Chem.  Geol.,  i.,  p.  75. 

2  Ibid,  p.  80. 
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yjg-;  Maillet,  yyyo;  Hartsoeker,  yig-;  Sir  George  Staunton,  in  the 
case  of  the  Yellow  Kiver,  -^-Jq-,  and  another  writer  quoted  by  Von 
Hoff,  .^^3Q.^  Some  uncertainty  arises  with  regard  to  the  older 
estimates,  whether  the  figures  refer  to  the  proportion  of  sediment 
by  weight  or  by  bulk.  It  is  most  advantageous  to  determine  the 
amount  of  mineral  matter  by  weight,  and  then  from  its  average 
specific  gravity  to  estimate  its  bulk  as  an  ingi-edient  in  the  river 
water.  The  proportion  by  weight  is  probably,  on  an  average, 
about  half  that  by  bulk. 

According  to  experiments  made  uj)on  the  water  of  the  Rhone  at 
Lyons,  in  1844,  the  proportion  of  earthy  matter  held  in  suspension 
was  by  weight  j^tIqq-  Earlier  in  the  century  the  results  of  similar 
experiments  at  Aries  gave  y^g^  as  the  proportion  when  the  river 
was  low,  o^  during  floods,  and  2Wo"  ^^  ^^^  mean  state  of  the 
river.  The  greatest  recorded  quantity  is  ~  by  weight,  which  was 
found  "when  the  river  was  two-thirds  up  with  a  mean  velocity  of 
probably  about  8  feet  per  second."^  Lombardini  gives  ^—  as  the 
proportion  by  volume  of  the  sediment  in  the  water  of  the  Po.  In 
the  Vistula,  according  to  M.  Spittell,  the  proportion  by  volume 
reaches  a  maximum  of  ^.^  The  Khine,  according  to  Hartsoeker, 
contains  -—^  by  volume  as  it  passes  through  Holland,  while  at 
Bonn  the  experiments  of  the  late  Mr.  Leonard  Horner  gave  a 
proportion  of  only  ^^qIqq  by  volume.*  Stiefensand  found  that, 
after  a  sudden  flooding,  the  water  of  the  Rhine  at  Uerdiagen 
contained  yyit^  ^^J  "^'^ight.  Bischoff"  measui^ed  the  quantity  of 
sediment  in  the  same  river  at  Bonn  during  a  turbid  state  of  the 
water,  and  found  the  proportion  ^^Vs  ^J  "^^ight,  while  at  another 
time,  after  several  weeks  of  continuous  dry  weather,  and  when  the 
water  had  become  clear  and  blue,  he  detected  only  .-^qq.^  In  the 
Maes,  according  to  the  experiments  of  Chandellon,  the  maximum 
of  sediment  in  suspension  in  the  month  of  December,  1849,  was 
-o^j)^,  the  minimum  yil^Q-,  and  the  mean  xowo-^  ^^  ^^^  Elbe,  at 
Hamburg,  the  proportion  of  mineral  matter  in  suspension  and 
solution  has  been  found  by  experiment  to  average  about  yxorr- 

1  Yon  Hoff,  op.  cit.  I.  232. 

2  Humphreys  &  Abbot.  Keport  upon  the  Physics  and  Hydraulics  of  the 
Mississippi,  1861,  p.  147. 

8  Ibid,  p.  148. 

4  Edin.  New  Pliil.  Jour. ,  xviii. ,  p.  102. 

5  See  his  Chemical  Geology,  i.,  122. 

c  Annales  des  Travaux  Publics  de  Belgique,  T.  ix.,  204, 
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Tlie  Danube,  at  Vienna,  yielded  to  Bisclioff  about  -j-^yy  of  sus- 
pended and  dissolved  matter.^  The  Durance,  in  floods,  contains 
^\-  of  suspended  mud,  and  its  annual  average  propoi-tion  is  less 
than  YtTFo-^     T^^  Garonne  is  estimated  to  contain  perhaps  y^J-g-.^ 

The  observations  of  Mr.  Everest  upon  the  water  of  the  Ganges' 
show  that,  during  the  four  months  of  flood  in  that  river,  the 
proportion  of  earthy  matter  is  ^-l-^  by  weight,  or  -g^J-g-  by  volume; 
and  that  the  mean  average  for  the  year  is  -5-}^  by  weight,  or  yjtst 
by  volume.'* 

But  by  far  the  most  extensive  and  accurate  determinations 
upon  this  subject  yet  made,  are  probably  those  of  Messrs. 
Humphreys  tfe  Abbot,  who  were  employed  by  the  United  States 
government  to  report  upon  the  physics  and  hydraulics  of  the 
Mississippi  river.  The  voluminous  memoir  which  these  observers 
have  produced  may  be  taken  as  a  model  of  patient  and  exhaustive 
research.  As  the  mean  of  many  observations  carried  on  con- 
tinuously at  difierent  parts  of  the  river  for  months  together,  tliey 
found  that  the  average  proportion  of  sediment  contained  in  the 
water  of  the  Mississippi  is  ytuo  ^J  weight,  or  2iruu  ^7  volume.^ 
But  besides  the  matter  held  in  suspension,  they  observed  that  a  large 
amount  of  course  detritus  is  constantly  being  pushed  along  the 
bottom  of  the  river.  They  estimated  that  this  moving  stratum 
carries  every  year  into  the  Gulf  of  Mexico  about  750,000,000 
cubic  feet  of  sand,  earth,  and  gravel.  Theii'  observations  led  them 
to  conclude  that  the  annual  discharge  of  water  by  the  Mississippi 
is  19,500,000,000,000  cubic  feet,  and,  consequently,  that  the 
weight  of  mud  annually  earned  into  the  sea  by  this  river  must 
reach  the  sum  of  812,500,000,000  pounds.  Taking  the  total 
anunal  contributions  of  earthy  matter,  whether  in  suspension  or 
moving  along  the  bottom,  they  found  them  to  equal  a  prism  2G8 
feet  in  height  with  a  base  of  one  square  mile. 

It  is  much  to  be  desired  that  careful  measurements  should  be 
made  of  the  quantity  of  silt  carried  down  annually  by  our  British 
rivers.     The   amount  which   is   deposited   in  harbours   at   river 


1  O]}.  cit.  130. 

2  Payen  cited  by  E.  Reclus.     La  Terre,  tome  L,  p.  537. 

3  Bavimgarten  cited  by  Ecclus,  ojj.  cit. — Ibid. 

*  Jour.  Asiatic  Society  of  Calcutta,  l\Iarch,  1832. 

5  Report,  p.  148.     The  specific  gra%'ity  of  the  silt  of  the  Jlississippi  i3  given 
aal  9. 
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moutlis  has  indeed  been  in  many  cases  measured.^  But  this  can 
of  course  afford  but  a  vague  measurement  of  tlie  total  amount 
whicli  is  brought  do^Ti  from  the  land  and  carried  out  to  sea.  In 
the  case  of  the  river  Nith,  a  series  of  measurements  and  deductions 
made  by  the  resident  engineer  led  him  to  the  conclusion,  that  the 
quantity  of  detritus  borne  by  that  stream  into  the  Solway  Firth 
reaches  every  year  the  amount  of  from  112,000  to  120,000  cubic 
yards.^ 

No  one  can  have  witnessed  the  effects  of  a  violent  or  long- 
continued  fall  of  rain  upon  even  the  small  streams  in  the  hilly 
parts  of  this  country  without  being  impressed  ^\T.th  the  amount  of 
waste  which  the  surface  of  the  land  is  continually  suffering  from 
this  cause.  At  Inverness,  for  example,  the  burn  of  Holm,  during 
a  "  spate,"  sometimes  carries  down  several  thousand  tons  of  stones 
and  gTavel  into  the  river  Ness.^  Mr.  Thomas  Stevenson,  the 
eminent  harbour  engineer,  informs  me  that  at  Lybster,  on  the 
Caithness  coast,  where  a  harbour  has  been  constructed  at  the 
mouth  of  a  small  stream,  between  400  and  500  cubic  yards  of 
gravel  and  sand  are  every  year  carried  down  by  the  stream.  A 
weir  or  dam  has  been  constructed  to  protect  the  harbour  from  the 
inroad  of  the  courser  sediment,  and  this  is  cleaned  out  regularly 
every  summer.  But  by  far  the  greater  portion  of  the  fine  silt  is 
no  doubt  swept  out  into  the  North  Sea.  The  erection  of  the 
artificial  barrier,  by  arresting  the  seaward  course  of  the  gravel, 
reveals  to  us  what  must  be  the  normal  state  of  this  stream  and  of 
all  similar  streams  descending  from  maritime  hills.  ^  Over  and 
above  the  quantity  of  fine  silt,  the  presence  of  which  is  abundantly 
manifest  in  the  turbid  colour  of  the  water  during  a  rainy  season, 
there  are  annually  carried  along  the  bottom  of  the  channel  and 
thence  into  the  sea  enormous  quantities  of  coarser  sediment. 
Even  when  this  under  stratum  of  moving  gravel  cannot  be  seen 
under  the  discoloured  water,  the  stones  of  which  it  is  composed 


1  See  the  evidence  on  this  subject  collected  in  Appendix  C.  to  Tidal  Harbours 
Commission,  1847.  In  Dundee  Harbour  the  deposit  of  silt  is  said  to  amount  to 
two  or  three  feet  in  a  year.  Six  inches  of  deposit  annually  appears  to  be  a 
common  quantity. 

2  Appendix  C  to  Tidal  Harbours  Commission,  p.  603. 

3  See  Appendix  C.  to  Tidal  Harboui's  Cemmission,  1847,  p.  348. 

4  The  area  drained  by  this  stream  is  about  four  square  miles;  consequently, 
the  amount  of  loss  of  surface  which  is  represented  by  the  coarse  gravel  and  sand 
alone  is     ^^^    ,   of  a  foot. 
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may  be  lieard  knocking  against  each  other  as  the  cuiTent  sweeps 
them  onward,  I  was  much  struck  with  observing  this  on  the 
Rhine  and  Moselle.  Above  Bonn,  and  again  a  little  below  the 
Lurelei  Eock,  while  drifting  down  the  former  river,  I  could,  [bj 
laying  my  ear  close  to  the  bottom  of  the  open  boat,  hear  tlie  harsh 
grating  of  the  gi*avel  stones  over  each  other  as  the  current  kept 
pushing  them  onwards  along  the  bottom.  The  water  was  rather 
low,  but  the  current  remained  tolerably  swift.  Again  on  the 
Moselle,  between  Cochem  and  Coblentz,  I  observed  the  same  fact. 
From  these  observations,  it  is  evident  that  the  quantity  of  material 
held  in  suspension  by  no  means  represents  all  the  detritus  removed 
by  a  river  from  the  area  which  it  drains. 

It  may  seem  superfluous  to  insist  that  the  earthy  matter  borne 
into  the  sea  from  any  given  area  represents  so  much  actual  loss 
from  the  surface  of  that  area.  Yet  this  self-evident  statement  is 
probably  not  realized  by  many  geologists  to  the  extent  to  which  it 
deserves.  If  a  stream  removes  in  one  year  one  million  of  cubic 
yards  of  earth  from  its  drainage  basin,  that  basin  must  have  lost 
one  million  of  cubic  yards  from  its  surface.  "We  are  not  now  to 
consider  whether  the  loss  has  been  borne  equally  by  the  whole 
surface  or  falls  only  on  special  parts  of  it:  this  part  of  the  subject 
will  be  reverted  to  in  the  sequel.  It  is  sufficient  for  the  present 
to  regard  the  loss  as  a  reality  which  we  see  daily  before  our  eyes, 
and  which  we  can  aj^proximately  measure. 

From  the  data  and  authorities  which  have  now  been  adduced,  I 
have  constructed  the  subjoined  table,  in  which  are  given  the 
results  of  the  measurement  of  tlie  proportion  of  sediment  in  a  few 
rivers.  The  last  two  columns  show  the  fraction  of  a  foot 
which  each  river  must  remove  from  the  general  surface  of  its 
drainage  basin  in  one  year.  In  the  first  of  these  two  columns  the 
sum  represents  the  loss  in  sediment ;  and  allowing  the  average  specific 
gravity  of  river  silt  to  be  TO,  and  that  of  rocks  to  be  2-5,  the 
second  column  shows  the  amount  of  solid  rock  which  must 
annually  be  removed. 
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Name  of  Eiver. 


Mississippi, 

Ganges, 

Hoang  Ho, 

Rhone, 

Danube,.... 
Po, 

Nith, 


Area  of  basin 

in 
square  miles. 


1,147,000 
432,480 
700,000 

25,000 
234,000 

30,000 

400 


Annual  discharge  of 

sediment 

in  cabic  feet. 


Proportion  of 
sediment  in  water. 


7,459,267,200 

6,368,077,440 

17,520,000,000(? 

600,381,800 

1,253,738,600 

1,510,137,000 

1,008,000 

to 
1,080,000 


By  By 

weiglit.      volume. 


1500 

1 

510 


1 

9  00 


1  lb.  in  32 

cubic  feet  of 
water. 


Fraction  of  foot  by 
which  the  area  of 
drainage  is  lowered 
in  one  year. 


In 
sediment. 


1 
4  566 


116  1 

5203 

1 
5  54 


1 

3  590 


In 
rock. 


6000 

1 
23  58 

1 
TT6T 

1 


1528 

1 

6846 

1 

7  2  9 


It  will  be  seen  tliat  the  amount  is  in  some  cases  nearly  ten 
times  greater  than  in  others.  In  the  Po,  for  example,  the  rate  of 
waste  is  more  than  nine  times  more  rapid  than  it  is  in  the 
Danube.  The  Mississippi  rate  is  only  about  one-third  of  that  of 
the  Rhone. 

At  the  present  rate  of  erosion,  the  rivers  named  in  this  table 
remove  one  foot  of  rock  from  the  general  sui'face  of  their  basins  in 
the  following  ratio : — 

The  Mississippi  removes  one  foot  in  6000  years. 


,,  Hoang  Ho 

1464   „ 

„  Rhone 

J       J> 

1528   „ 

,,  Danube 

>        >> 

6846   ,, 

„  Po 

>       J> 

729   „ 

„  Nith 

5            55 

4723   „ 
J.1,  „  ^r 

The  Mississippi,  therefore,  is  lowering  the  surface  of  the  great 
basin  which  it  drains  at  the  rate  of  one  foot  in  6000  years.  If 
this  rate  continues,  10  feet  will  of  course  be  removed  in  60,000 
years;  100  feet  in  600,000  years;  1000  feet  in  6,000,000.  The 
mean  height  of  the  North  American  Continent,  according  to 
Humboldt,  is  748  feet.^  Under  the  Mississippi  rate  of  denuda- 
tion, therefore,  that  continent  would  be  worn  away  in  about 
four-and-a-half  million  years. 

The  Ganges  works  still  more  rapidly.     It  removes  one  foot  of 


1  Asie  Centrale,  tome  i.,  168. 


ARCHIBALD    GEIKIE — OX    MODERN   DENUDATION.  1G5 

rock  in  2358  years,  and  if  Humboldt's  estimate  of  the  average 
height  of  the  Asiatic  Continent  be  accepted,  viz.,  1132  English 
feet,^  that  mass  of  land,  worn  down  at  the  rate  at  which  tlie 
Ganges  destroys  it,  would  disappear  in  little  more  than  two  and 
a  half  millions  of  years. 

Still  more  remarkable  is  the  extent  to  which  the  Paver  Po 
denudes  its  area  of  drainage.  Even  though  measurements  had  not 
been  made  of  the  ratio  of  sediment  contained  in  its  water,  we 
should  be  prepared  to  find  that  proportion  a  remarkably  large  one 
if  we  look  at  the  enormous  changes  which,  within  historic  time??, 
have  been  made  by  the  alluvial  accumulations  of  this  river.  Ac- 
cording to  the  data  already  cited,  the  Po  removes  one  foot  of  rock 
from  its  drainage  basin  in  729  years.  This  is  equal  to  the  removal 
of  ten  feet  in  7290  years,  100  feet  in  72,900  years.  The  mean 
height  of  Europe  is  stated  to  be  G71  English  feet.^  If  the  whole 
of  that  continent  were  denuded  at  the  same  rate  as  in  the  basin  of 
the  Po,  it  would  be  levelled  in  rather  less  than  half  a  million  of 
years. 

It  is  not  pretended  that  these  results  are  strictly  accurate.  On 
the  other  hand  they  are  not  mere  guesses.  The  amount  of  water 
flowing  into  the  sea,  and  the  annual  discharge  of  sediment,  have 
been  in  each  case  measured  with  gi^eatcr  or  less  precision.  The  areas 
of  drainage  may  perhaps  require  to  be  increased  or  lessened.  But 
though  some  change  may  be  made  upon  the  idtimate  results  just 
given,  it  is  hardly  possible,  as  it  appears  to  me,  to  consider  them 
attentively  without  being  forced  to  ask  whether  those  enormous 
periods  which  geologists  are  in  the  habit  of  demanding  for  the 
accomplishment  of  geological  phenomena,  and  more  especially  for 
the  very  phenomena  of  denudation,  are  not  in  reality  far  too  vast. 
If  the  Mississippi  is  carrying  on  the  process  of  denudation  so  fast 
that  at  the  same  rate  the  whole  of  North  America  will  be  levelled 
in  four  and  a  half  millions  of  years,  surely  it  is  most  unphilosophi- 
cal  to  demand  unlimited  ages  for  similar  but  often  much  less 
extensive  denudations  in  the  geological  past.  Moreover,  that  rate 
of  erosion  appears  on  the  whole  to  be  rather  below  the  average  in 
point  of  rapidity.  The  Po,  for  instance,  works  more  than  eight  times 
as  fast.  But  as  the  physics  of  the  JMississijipi  have  been  more 
carefully  studied  than  those  of  perhaps  any  other  river,  we  shall 

1  Humboldt,  ibid.  "  Humboldt,  ibid. 
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probably  not  exaggerate  the  result  if  we  assume  the  Mississippi 
ratios  as  the  average.  It  may  not  be  without  advantage  to  apply 
this  average  to  the  case  of  a  number  of  British  rivers,  the  drainage- 
area  and  water-discharge  of  which  are  known.  The  subjoined 
table  shows  the  ascertained  amount  of  water  discharged  by  five 
rivers  in  this  country.  Assuming  the  proportion  of  sediment  to 
be  the  same  as  in  the  Mississippi,  we  obtain  the  result  in  the 
last  two  columns — 


Name  of  Eiver. 


Tay,  .... 
Thames, 
Forth,  . 
Clyde,  . 
Boyne,  . 


Area  of 
Drainage 


Sq.  Miles 

2,500 
5,162 

450 
1,580 

700 


Annual  discharge 
of  Water. 


Cubic  Feet. 
144,020,000,000 
54,111,200,000 
15,450,000,000 
25,228,000,000 
94,614,000,000 


Annual  Discharge 
of  Sediment. 


Cubic  Feet. 

49,660,000 
1,865,903 
5,328,000 
8,699,000 

32,622,000 


Fraction  of  a  foot 
of  rock  by  which 
the  basin  is  an- 
nually lowered. 


1 

1842 

1 

1014=4 

1 

1 

66  58 
1 

T86  8 


Hence  it  appears  that  if  the  proportion  of  earthy  matter  in  the 
water  of  the  Tay  resembles  that  in  the  water  of  the  Mississippi, 
the  area  of  the  Highlands,  drained  by  the  former  river,  must  be 
suffering  a  loss  c.t  the  rate  of  one  foot  in  less  than  2000  years. 
This  is  possibly  not  an  exaggeration,  for  we  have  already  seen  that, 
disregarding  the  finer  silt  carried  off  in  suspension,  the  amount  of 
gi-avel  and  sand  brought  down  annually  by  the  Nith  is  equal  to  a 
loss  of  one  foot  in  4700  years. 

There  is  another  point  of  view  from  which  a  geologist  may 
advantageously  contemplate  the  active  denudation  of  a  country. 
He  may  estimate  the  annual  rain-fall  and  the  proportion  of  water 
which  returns  to  the  sea.  If  he  can  obtain  a  probable  average  ratio 
for  the  earthy  substances  contained  in  the  river  water  which  enters 
the  sea,  he  will  be  able  to  estimate  the  mean  amount  of  loss 
sustained  by  the  whole  country.  Thus  if  he  takes  the  average 
rain-fall  of  the  British  Islands  at  36  inches  annually,  and  the 
superficial  area  over  which  this  rain  is  discharged  at  120,000 
square  miles,  then  it  will  be  found  that  the  total  quantity  of  rain 
received  in  one  year  by  the  British  Isles  is  equal  to  about  68  cubic 
miles  of  water.     Estimates  have  varied  as  to  the  proportion  of  the 
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rain-fall  which  is  eventually  returned  to  the  sea  by  streams.  Some 
writers  have  given  it  as  probably  about  a  third,  others  as  a  fourth.^ 
If  we  take  it  at  the  former  estimate,  there  are  23  cubic  miles,  if  at 
the  latter,  there  are  1 7  cubic  miles  of  fresh  water  sent  off  the  surface 
of  the  British  Islands  into  the  sea  in  one  year. 

When  the  rain  fulls  it  is  nearly  pure  water,  but  when,  after  a 
devious  course  of  sometimes  hundreds  of  miles,  it  is  poured  into 
the  sea,  it  is,  as  we  know,  largely  charged  with  mineral  matter 
both  in  solution  and  suspension,  as  well  as  in  motion  along  the 
channels  of  the  streams.  Let  us  take  some  average  ratio  for  these 
impurities;  and  wc  shall  probably  guard  against  exaggeration  by  as- 
suming this  ratio  to  be  only  -57^3-5-  by  volume  of  the  water,  and  the 
proportion  of  the  rainfall  returned  to  the  sea  to  be  -|.  At  this  rate 
'«  «Vo  ^^  ^  ^^^^  0^  1"^^^^  must  be  removed  from  the  general  surface  of 
our  country  every  year.  One  foot  will  be  planed  away  in  8800  years. 
The  mean  height  of  the  British  Islands  is  probably  less  than  650 
feet.  Under  the  existing  state  of  things,  therefore,  if  the  ratio  now 
assumed  is  near  the  truth,  these  islands  will  be  levelled  in  about 
five  and  a-half  mDlions  of  years.  We  still  require  much  more 
detailed  observation  in  this  country,  before  any  estimate  of  this 
kind  can  be  based  upon  accurate  and  reliable  data.  But  I  have 
thought  it  desii-able  to  indicate  it  as  a  method  of  vividly  bringing 
before  the  mind  the  reality  and  extent  of  the  denudation  now  in 
l>rogress. 

II.  Subcerial  denudation  considered  as  the  unequal  lowering  of  the 

general  surface  of  a  country. 

I  have  hitherto  spoken  of  the  annual  discharge  of  sediment 
from  the  surface  of  a  coimtry,  as  a  defijiite  quantity  which  may 
be  measured,  and  which,  when  so  measured,  gives  us  the  amount 
of  loss  which  that  surface  has  sustained  in  one  year;  in  other 
words,  the  extent  to  which  the  average  level  of  the  country  has 
been  reduced.  It  is  of  importance  to  look  at  the  subject  from 
this  point  of  view,  in  order  to  obtain  some  adequate  idea  of  the 
extent  of  the  loss  which  the  land  is  constantly  undergoing  from 
subrenal  causes  even  before  our  eyes.     At  the  same  time  it  Ls 

1  Mariotte  estimated  the  propoi-tion  of  the  rainfall  discharged  by  the  Seine 
from  its  catchment  basin  as  ^  :  Dausse  subsequently  made  a  fresh  calculation, 
and  set  the  proportion  at  \.—Vide  Becquercl,  Elements  de  Plvisique  Tcrrestre, 
p.  283. 
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sufficiently  obvious  that  the  earthy  matter  annually  removed 
from  the  surface  of  the  land,  does  not  come  equally  from  the 
Avhole  surface.  The  determination  of  the  total  quantity  of  earthy 
materials  removed,  does  not  assist  us  in  any  way  to  apportion 
the  loss,  or  to  ascertain  how  much  each  part  of  the  surface  has 
contributed  to  the  total  amount  of  sediment.  On  plains,  water- 
sheds, and  more  or  less  level  ground,  the  proportion  of  loss  may 
be  small,  while  on  slopes  and  in  valleys  it  may  be  great,  and  it 
may  not  be  easy  to  determine  the  true  ratios  in  these  cases.  But 
our  estimates  and  measurements  of  the  sum-total  of  denudation  are 
not  thereby  affected.  And  this  must  not  be  over-looked.  If  we 
allow  too  little  for  the  loss  from  the  surface  of  the  table-lands, 
we  increase  the  proportion  of  the  loss  sustained  by  the  sides  and 
bottoms  of  the  valleys,  and  vice  versa. 

These  proportions  must  vary  indefinitely  with  the  form  of  the 
surface,  rain-fall,  &c.  But  the  fact  remains,  that  the  balance  of 
loss  must  always  be,  on  the  whole,  on  the  side  of  the  sloping 
surfaces.  In  order  to  show  the  full  import  of  this  part  of  the 
subject,  I  will  assume  certain  ratios  which  are  probably  under- 
statements rather  than  exaggerations. 

Let  us  take  the  proportion  between  the  extent  of  the  plains 
and  table-lands  of  a  country,  and  the  area  of  its  valleys,  to  be 
as  nine  to  one;  in  other  words,  that  of  the  whole  surface  of 
the  country,  one-tenth  part  is  occupied  by  the  valleys,  while 
the  remaining  nine-tenths  consist  of  broad  undulating  plains, 
watersheds,  or  other  comparatively  level  ground.  Let  it  be 
further  assumed,  that  the  erosion  of  the  surface  is  nine  times 
greater  over  the  latter  than  over  the  former  area,  so  that  w^hile 
the  more  level  parts  of  the  country  have  been  lowered  one  foot, 
the  valleys  have  lost  nine  feet.  According  to  the  calculations 
already  given,  it  appears  that  the  mean  annual  quantity  of 
detritus  carried  to  the  sea,  may,  mth  some  probability,  be 
regarded  as  equal  to  the  yearly  loss  of  q-^^  of  a  foot  of  rock  from 
the  general  surface  of  the  country.  Apportioning  this  loss  over 
the  surface  in  the  ratio  just  given,  we  find  that  it  amounts  to 

4  of  a   foot  from  the  more  level   gi'ounds  in  6000  years,   and 

5  feet  from  the  valleys  in  the  same  space  of  time.  Then  if  f 
of  a  foot  be  removed  from  the  level  grounds  in  6000  years,  1 
foot  will  be  removed  in  10,800  years;  and  if  5  feet  be  worn 
out  of  the  valleys  in  6000  years,  1  foot  will  be  worn  out  in  1200 
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years.  This  is  equal  to  a  loss  of  only  -^.r  of  an  inch  from  the 
table  land  in  75  years,  while  the  same  amount  is  excavated  from 
the  valleys  in  8J  years. 

It  may  seem  at  first  sight,  that  such  a  loss  as  only  a  single  line 
from  the  surface  of  the  open  country  during  more  than  the  lapse 
of  a  long  human  life  is  almost  too  trilling  to  be  taken  into 
account,  as  it  is  certainly  too  small  to  be  generally  apjjreciable 
or  even  to  be  easily  detected  by  careful  measurements.  In  the 
same  way,  if  we  are  told  that  the  constant  wear  and  tear  which 
is  going  on  before  our  eyes  in  valleys  and  water  courses,  does 
not  effect  more  than  the  removal  of  one  line  of  rock  in  eight  and 
a  half  years,  we  may  naturally  enough  regard  such  a  statement 
as  probably  an  under-estimate.  But  if  we  only  permit  the 
multiplying  power  of  time  to  come  into  play,  the  full  force  of 
these  seemingly  insignificant  quantities  is  soon  made  apparent. 
For  we  find  by  a  simple  piece  of  arithmetic,  that  at  the  rate  of 
denudation  which  has  been  just  postulated  as  probably  a  fair 
average,  a  valley  1000  feet  deep  may  be  excavated  in  1,200,000, 
a  period  which,  in  the  eyes  of  most  geologists,  w^ill  seem  short 
indeed. 

Objection  may  be  taken  to  the  ra'.os  from  which  this  average 
rate  of  denudation  is  computed.  My  object  at  present  is  not  to 
decide  what  this  average  rate  actually  is ;  we  shall  be  able  to  do 
so  hereafter,  when  more  accurate  and  abundant  data  have  been 
obtained.  But  it  appears  to  me  likely  to  be  useful  to  jioint  out 
what,  according  to  the  most  j^robable  estimates  at  present  possible, 
is  actually  in  progress  around  us.  Let  us  assume  any  other  appor- 
tioning of  the  total  amount  of  denudation,  we  do  not  thereby  lessen 
the  measurement  of  that  amount  which  can  be  and  has  been  ascer- 
tained in  the  annual  discharge  of  rivers.  We  have  a  ceiiain  deter- 
mined quantity  of  rock  annually  worn  off  the  sui'face  of  the  land. 
If,  as  already  remarked,  we  represent  too  large  a  proportion  as 
derived  from  the  valleys  and  water  courses,  we  diminish  the  loss 
from  the  open  country,  or  if  we  make  the  contingent  derived  from 
the  latter  too  great,  we  lessen  that  from  the  former.  Under  any 
ascertained  or  assumed  proportion  the  facts  remain,  that  the 
land  loses  a  certain  ascertainable  fraction  of  a  foot  from  its 
general  surface  per  annum,  and  that  the  loss  from  the  valleys 
and  w^ater  courses  is  much  larger  than  that  fraction,  while  the 
loss  from  the  level  grounds  is  much  less. 
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Before  proceeding  to  notice  some  of  the  important  conclusions 
which  must  follow  from  these  statements,  I  have  deemed  it 
desirable  to  consider  certain  objections  which  are  often  urged 
against  the  potency  of  that  subserial  denudation,  the  results  of 
which  we  have  now  been  discussing.  In  one  sense,  indeed,  it  is 
unnecessary  to  reply  to  objections  w^hich  are  completely  refuted 
by  the  facts  adduced  in  the  previous  pages.  To  deny  that  the 
sui^face  of  a  country  is  annually  suffering  a  lowering  of  its  general 
level  from  denudation,  is  to  shut  the  eye  to  the  evidence  vividly 
displayed  by  every  brook  and  river  by  which  the  surface  of  that 
country  is  traversed.  Some  objectors,  however,  do  not  deny  the 
annual  loss  of  rock,  but  maintain  that  it  is  not  derived  from 
the  general  surface  of  the  country,  but  only  from  comparatively 
limited  portions,  and  they  point  to  certain  features  of  the  surface 
as  affording  proofs  of  permanence.  The  most  ingenious  objections 
of  this  kind  which  I  have  yet  met  with,  are  stated  by  M.  Elie 
de  Beaumont.^  I  shall  give  here  a  sketch  of  the  argument  by 
which  the  distinguished  French  geologist  endeavours  to  shew 
that  the  influence  of  atmospheric  causes  is  quite  insignificant. 

The  solid  rocks  are  usually  more  or  less  covered  with  a  layer 
of  vegetable  soil  which,  though  at  first  sight  it  may  seem  to 
present  few  points  of  interest,  dates  in  reality  from  a  high 
antiquity  and  merits  the  special  study  of  the  geologist.  It  is 
intimately  associated  with  human  history,  and  offers  in  con- 
sequence materials  for  the  establishment  of  positive  data  in 
geology.  The  human  monuments  which  it  contains,  furnish 
most  important  geological  evidence,  for  if  the  inscriptions  gi-aven 
upon  them  a  thousand  or  two  thousand  years  ago  remain  still 
fresh,  it  is  thereby  sho-svn  that  certain  parts  of  the  earth's  surface 
may  be  preserved  unchanged  for  a  long  time.  But  apart  from 
the  question  of  their  own  conservation,  these  monuments  prove 
that  the  surface  of  the  ground  and  the  vegetable  soil  undergo 
very  little  modification.  The  Koman  bridges  still  span  the  water- 
courses over  wliich  they  were  built,  for  the  waters  have  not  risen 
any  nearer  to  the  tops  of  the  arches,  nor  sunk  so  as  to  expose 
the  foundations,  but  pass  to-day  just  at  the  height  for  which  the 
bridges  wore  constructed.  Hence,  the  bed  of  these  rivers  has 
not  changed.  Along  different  parts  of  the  lower  course  of  the 
Khone,  the  E-oman  remains  of  different  kinds  are  in  perfect 
^  Legons  de  Geologie  Pratique,  1843,  tome  I.  p.  135,  et  seq. 
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accordance  with  the  existing  level  of  the  river,  and  the  present 
regime  of  that  stream  appears  thus  to  have  remained  as  it  is 
from  time  immemorial.     A  like  inference  is  to  be  dra-svn  from 
the  occurrence  of  the  large  standing  stones  so  abundant  in  Europe. 
These  monuments,  most  of  which  must  be  at  least  2000  years  old, 
have  been  simply  planted  in  the  soil.     If  the  surface  of  the  soil 
had  been  lowered,  their  base  would  have  been  laid  bare,  had  it 
been  raised,  their  base  would  have  been  covered  up.     But  they 
remain  just  sunk  so  far  in  the  soil,  as  to  prevent  them  from 
falling.     This  holds  true,  not  only  for  these  on  flat  ground,  but 
also  for  those  which  stand  on  sloping  declivities,  and  even  when 
in  such  circumstances,  they  are  exposed  to  all  the  changes  of 
a   maritime   climate.     Further,   and   still    more   unexceptionable 
proof  of  the   insignificance    of   the    degradation    undergone    by 
grass-covered   soil,    is   found    in   those   ancient   earthen   mounds 
such  as  tumuli,  forts,  and  camps,  which,  even  with  sloping  sides, 
have  retained  almost  perfectly  their  original  forms.     The  angle 
of  declivity  of  the  ramparts  remains  what  it  evidently  was  at 
first,  and  the  ditches  between  the  ramparts  have  not  been  filled 
up.     Again,  in  ground  which  has  long  been  abandoned  by  the 
plough,  the  parallel  furrows  may  still  be  traced.     In  Brittariy 
and  in  Spain,  for  instance,  there  are  districts  where  the  soil  has 
not  been  cultivated  for  a  great  many  centuries,  yet  where  the  old 
lidges  made  by  the  plough  remain  perfectly  distinct  under  the 
coatins:   of  turf.      If  we  watch   the  infl\ience   of   sun  and   rain 
upon  ploughed  land,  we  observe  that  while  the  soil  is  bare,  these 
external    agents  act  with    comparative  rapidity  in  reducing  its 
surface  to  a  more  stable  contour  which  gets  covered  with  herbage 
and  remains  almost  without  change  for  an  immense  })eriod.     In 
this  process  the  action  of  the  atmospheric  forces  is  greater  the 
first  year  than  the  second,  greater  the  second  year  than  the  third, 
greater  the  thii-d  year  than  the  fourth,  the  changes  decreasing 
almost  in  a  geometrical  progression.     If  the  efiect  ])roduced  in 
the  second  year  were  half  of  that  in  the  first,  if  that  produced 
in  the  third  year  were  half  of  that  in  the  second,  and  so  on,  the 
sum-total  of  change  produced  at  the  end  of  an  indefinite  time, 
would  only  be  double  that  eff'ected  at  the  end  of  the  first  year. 
If  the  second  year's  alteration  were  equal  to  three-fourths  of  that 
of  the  first  year,  the  result  at  the  end  of  an  indefinite  period 
would  only  be  four  times  that  of  the  fii-st  year.     Or  lastly,  if 
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the  second  year's  alteration  were  nine-tenths  of  the  first  year's, 
the  result  after  an  indefinite  time,  would  be  merely  ten  times 
that  of  the  fii'st  year. 

M.  Elie  de  Beaumont  then  proceeds  to  discuss  the  evidence 
afi'orded  by  vegetation.  He  contends  that,  as  a  tree  cannot  live 
unless  the  soil  on  which  it  grows  remains  beneath  it,  so  trees 
which  have  been  several  centuries  in  existence,  show  that  the 
soil  during  that  period  has  undergone  no  appreciable  change. 
Even  on  slopes  where  the  vegetable  soil  is  very  thin,  there 
are  forests  of  century-old  trees,  so  that  the  permanence  of  the 
existing  surface  is  thus  established  for  inclined  as  well  as  for 
flat  gi'ound.  From  this  point  of  view,  the  longevity  of  certain 
trees  acquires  a  special  interest  to  the  geologist,  and  the  author 
cites  a  number  of  examples  in  illustration.  Nor  is  it  merely  the 
higher  forms  of  vegetation  that  are  appealed  to.  Certain  Kchens 
coating  the  surfaces  of  rocks,  may  be,  to  use  the  words  of  De 
Candolle,  "  as  old  as  the  last  cataclysm."  Grass  likewise  protects 
the  soil  on  which  it  grows,  and  may  be  very  old.  Vegetation 
generally  tends  to  preserve  the  present  form  of  the  surface,  and 
where  it  has  been  removed  by  man,  the  soil  underneath  has  in 
many  places  been  carried  away  by  running  water  and  the  ground 
rendered  for  a  long  while  uncultivable.  The  natural  state  of  the 
surface  of  the  globe  is  to  be  covered  and  protected  by  a  coating  of 
vegetation.  There  are,  indeed,  many  places  where  that  surface 
is  subject  to  continual  and  very  visible  degradation,  such  as  the 
sea  margin  and  the  channels  of  streams,  where  the  ground  is  being 
perpetually,  as  it  were,  cut  to  the  quick.  But  these  changes  are 
so  perceptible,  precisely  because,  in  most  places  the  vegetable  soil 
remains  nearly  unaltered  during  the  lapse  of  immense  periods. 
This  layer  of  vegetable  soil,  therefore,  is  in  fact  a  kind  of  fi:xed 
point  or  zero  by  which  to  measure  the  phenomena  that  take  place 
more  rapidly. 

In  introducing  the  subject,  M.  Elie  de  Beaumont  remarks,  that 
it  possesses  for  the  general  pu])lic  the  recommendation  of  requiring 
no  previous  geological  knowledge.  Assuredly,  a  reader  who  has 
no  pretensions  to  science,  may  yet  readily  detect  the  fallacy  which 
runs  through  the  whole  of  the  interesting  argument  of  the  French 
savan.  The  monuments  of  antiquity  on  which  that  argument  is 
founded,  fonn  but  a  small  fraction  of  the  number  of  monuments 
originally  constiiicted.     Every  year  is  thinning  them  down  still 
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more,  wlietlier  it  be  Ly  tlic  hand  of  man  or  by  the  inevitable 
march  of  decay.  Destruction  is  the  mle,  preservation  is  the 
exception.  To  select,  therefore,  the  examples  whieli,  owing  to 
more  favourable  circumstances  have  been  preserved,  and  to  take 
no  note  of  the  fsir  greater  number  which  have  been  destroyed, 
necessarily  leads  to  a  result  which  is  far  from  being  true. 
Reduced  to  a  syllogism,  the  argument  would  be  stated  thus: — 
If  atmospheric  waste  could  produce  during  2000  years  any 
appreciable  change  upon  the  surface  of  a  country,  human  monu- 
ments would  shew  it.  Some  human  monuments  cited  by  M.  de 
Beaumont  do  not  shew  it,  therefore  atmos[)heric  waste  is  not 
productive  of  any  sensible  alteration  of  the  surface  of  a  country. 
Somewhat  in  the  same  way  we  might  reason,  that  if  old  age 
usually  brought  grey  haii'S  with  it,  the  heads  of  octogenarians 
would  shew  it,  but  some  worthy  friends  of  oui-s,  who  have  long 
passed  their  threescore  years  and  ten,  are  as  dark  as  when  we 
first  knew  them ;  therefore  old  age  does  not  as  a  rule,  bring  with 
it  grey  hairs. 

It  is  not  worth  while  to  enter  into  the  details  of  the  reasoning, 
otherwise  it  would  not  be  diiiicult  to  shew  that  the  preservation 
of  old  forts  and  tumuli  is  in  thousands  of  cases  by  no  means  so 
perfect  as  is  alleged  ;  that  the  standing  stones  which  are  still 
erect  do  not  furnish  any  proof  that  the  soil  around  them  has 
undergone  no  change,  a  statement,  indeed,  which  seems  sufficiently 
negatived  by  the  number  of  stones  lying  prostrate:  and  that  for 
one  legible  inscription  more  than  two  or  three  centuries  old,  it 
would  be  easy  to  furnish  scores  which  have  been  obliterated 
after  a  few  generations.  But  even  if  all  these  assei-tions  were 
just,  and  if  it  could  be  conclusively  proved,  that  for  a  thousand 
or  two  thousand  years  certain  hirnian  monuments  had  undergone 
no  appreciable  alteration,  would  the  inference  necessarily  be  just 
that,  therefore,  rain,  frost,  streams,  and  the  other  meteoric  agents 
of  decay  exercise  no  material  influence  upon  the  general  surface 
of  the  eai-thl  Is  it  not  manifest  that  the  time  during  which 
observations  have  been  made,  is  infinitely  too  brief  to  warrant 
any  such  sweeping  deduction  ?  A  process  which,  in  two  thousand 
years,  has  not  eflected  any  perceptible  alteration  on  certain  parts 
of  the  earth's  surface,  may  yet  have  been  rapid  enough  in  the 
course  of  the  geological  ages,  to  have  w^Qrked  the  most  stupendous 
changes    upon  that  surface   as   a   whole.     If,    following   up   the 
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foregoing  estimates,  we  put  down  the  amount  of  rock  removed 
annually  from  the  open  country  as  j^qgoQ  of  a  foot,  this  would 
amount  to  no  more  than  2*22  inches  in  2000  years — ^the  time 
comprised  by  the  evidence  of  M.  E.  de  Beaumont.  This  would 
be  a  quantity  so  small  as  to  be  wholly  inappreciable.  Again, 
if  using  still  the  same  estimate,  we  take  the  loss  of  surface  from 
the  valleys  and  water  courses  as  y^yxr  ^^  ^  ^^^^  ^^  ^^®  J^^^y  t^is 
would  give  us  only  twenty  inches  in  2000  years — an  amount 
which,  in  default  of  any  trustworthy  standard  of  measurement, 
would  likewise  be  inappreciable. 

To  these  arguments  of  M.  E.  de  Beaumont  may  be  added 
another,  based  on  the  same  kind  of  reasoning,  and  which  appears 
to  have  great  weight  in  the  eyes  of  some  geologists,  viz. : — that 
the  r^its,  grooves,  and  scratches,  graven  upon  rocks  during  the 
glacial  period,  remain  still  fresh,  although  the  surfaces  so  marked 
have  been  opposed  to  all  the  vicissitudes  of  a  changeable  climate. 
It  is  contended  that,  had  atmospheric  waste  been  so  powerful  as 
the  followers  of  Hutton  maintain  it  to  be,  these  markings  would 
certainly  have  been  effaced  during  the  lapse  of  the  thousands  of 
years  since  the  ice  left  them  upon  the  rocks.  And  the  fact  of 
their  preservation  is  pointed  to  as  a  proof,  that  even  in  a  stormy 
region  like  that  of  the  western  and  northern  portions  of  the 
British  Islands,  the  general  surface  of  the  country  has  remained 
for  thousands  of  years  without  appreciable  change. 

To  an  eye  trained  in  tracing  tbe  effects  of  ice-action,  the 
general  surface  of  the  British  Islands  wears  an  unmistakeable 
ice-smoothed  aspect.  But  the  localities  where  the  actual  ice-polish 
and  strise  are  now  exposed,  are  few,  indeed,  when  compared  with 
the  area  from  which  these  fine  markings  have  been  effaced,  yet,  which 
still  retain  abundant  evidence  of  having  once  been  glaciated.  We 
see  the  surface  in  all  stages  of  decay,  from  rocks  where,  save 
perhaps  on  the  large  scale,  all  vestige  of  ice-action  has  disappeared 
to  polished  and  striated  surfaces  which  remain  still  fresh.  In 
very  many  cases  where  these  markings  retain  such  freshness,  it 
is  easy  to  see  that  they  have,  till  comparatively  recently,  been 
protected  under  a  covering  of  soil,  turf,  gravel,  or  clay.  In  cases 
where  the  striated  faces  of  rock  have  been  laid  bare  by  human 
agency,  a  few  years  sometimes  suffice  to  remove  the  sharpness 
which  they  had  when  the  protecting  clay  was  removed  from 
them.     Those,  for  example,  who  remember  the  appearance  of  the 
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striated  dolerite  on  the  Queen's  Drive  at  Edinburgh  when  that 
road  was  made  about  a  quarter  of  a  century  ago  will  find  that  even 
this  brief  exposure  has  been  enough  to  remove  the  original  delicacy 
of  the  lines.  In  the  old  glacier  districts  of  the  Highlands,  too,  T 
have  often  noticed  well-marked  roches  moutonnees  where  the 
rounded  form  and  the  parallel  grooves  and  striae  still  remained 
wonderfully  distinct.  Yet,  on  examining  these  bosses  of  gneiss 
or  schist,  I  found  that  the  quartz-veins  traversing  the  rock  some- 
times projected  from  the  general  surface  a  twelfth  of  an  inch  or 
more,  and  retained  the  finer  stria?,  which  were  all  obliterated  from 
the  rest  of  the  rock.  Yet,  looking  at  these  roches  moutonnees 
one  might  have  been  disposed  to  say,  that  they  still  remained 
very  much  as  the  ice  had  left  them.  Nevertheless  there  was  here 
proof,  that  wliile  the  general  ice-worn  character  of  the  rock-si^rface 
remained  still  remarkably  distinct,  one  line  or  more  had  been 
gradually  eaten  away  from  that  surface.  A  tolerably  wide 
experience  of  ice-worn  rocks  in  this  country,  in  Norway  and 
in  Switzerland,  has  taught  me  that  glaciated  surfaces  are  no 
exceptions  to  the  general  law  of  decay,  and  that  as  soon  as  they 
are  directly  exposed  to  the  atmosphere,  they  begin  to  weather, 
as  all  other  surfaces  do.^ 

In  considering  an  objection  of  this  kind,  we  must  not  forget 
that  of  all  possible  forms  of  surface,  that  of  an  ice-smoothed  boss 
or  face  of  rock,  is  probably  the  one  where  the  subajrial  agencies  of 
waste  will  have  least  facility  for  action,  and  which  will  therefore 
longest  retain  its  contour.  The  polished  surface  allows  rain  to 
run  off  at  once,  and  the  joints  which  would  otherwise  permit  the 
disruptive  action  of  frost,  are  for  a  long  while  concealed.  The 
sides  of  a  polished  gi'anite  obelisk,  will  resist  the  weather  far 
longer  than  the  surface  of  a  rough  block  of  the  same  stone.  Those, 
therefore,  who  employ  ice-worn  surfaces  as  evidence  against  the 
potency  of  atmospheric  denudation,  argue  in  precisely  the  same 
way  as  M.  E.  de  Beaumont.  It  is  as  if  they  found  in  a  medieval 
building  the  hard  well-chiselled  corner-stones  still  retaining  the 
tool-marks,  and  concluded  therefrom  that  the  intervening  centuries 

1 1  have  on  a  former  occasion  called  attention  to  the  i-emarkahle  and  increasing 
freshness  of  the  ice  markings  as  "\ve  approach  the  present  sea-margin,  more 
particularly  among  the  western  sea-lochs  of  tliis  co\mtry.  (Trans.  Geol.  Soc, 
Glasgow,  I.  part  2,  p.  170— note.  See  also  my  "Scenery  of  Scotland,"  p.  228). 
I  regard  this  fact  as  only  explicable,  on  the  admission  that  the  maritime  roches 
moutonnees  have  been  for  but  a  comparatively  brief  period  exposed  directly  to 
the  atmosphere. 
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had  produced  no  change  upon  the  exterior  of  the  walls.  Yet,  a  little 
further  inspection  would  show  that  the  tool  marks  were  only 
visible  on  the  corner-stones,  where  the  hardest  freestone  had  been 
selected,  while  the  rest  of  the  wall,  constructed  of  less  carefully- 
chosen  materials,  showed,  in  many  places,  courses  of  stone  wholly 
rotted  out,  crumbling  mortar,  and  general  decay. 

III.    General  Results  of  Subcerial   Denudation. 

If  the  present  action  of  air,  rain,  streams,  and  ice,  is  their 
normal  condition,  and  we  have  no  evidence  that  it  is  not,  then  the 
general  result  of  that  action  in  past  time  must  have  been  to  chisel 
out  a  system  of  valleys  on  the  surface  of  the  land.  Whether  or  not 
the  existing  valleys  of  any  particular  country  are  due  to  this  cause 
entirely  is  another  question.  If  we  reflect  upon  the  mass  of  debris 
which  every  river  is  annually  carrying  from  the  surface  of  the 
land,  we  are  led  to  understand  the  truth  of  Hutton's  doctrine, 
that  "  the  great  system  upon  the  surface  of  this  earth  is  that  of 
valleys  and  rivers;  and  that  however  this  system  shall  be  inter- 
rupted, and  occasionally  destroyed,  it  would  necessarily  be  again 
formed  in  time  while  the  earth  continued  above  the  level  of  the 
sea."^  Subterranean  movements,  in  any  particular  instance,  may 
have  aided  the  operation  of  the  meteoric  forces.  But  this  aid  is 
not  absolutely  necessary.  "Were  a  mass  of  land  without  a  single 
valley,  but  with  a  smooth  surface  sloping  gently  seawards  from  its 
central  portion,  to  be  elevated  above  the  ocean,  and  exposed  to  the 
atmospheric  agents  of  denudation,  a  system  of  water-courses  and 
valleys  would  certainly  be  excavated.  Nor,  as  we  have  already 
seen,  would  a  long  series  of  geological  periods  be  necessary  for 
such  a  result.  At  the  present  rate  of  waste,  valleys  800  feet  deep 
might  be  carved  out  in  a  million  years.  If,  on  the  other  hand,  a 
portion  of  the  earth's  crust,  crumpled  and  fractured  in  the  extremest 
degree,  were  raised  above  the  sea,  it  would  at  once  begin  to  yield 
to  denudation;  its  surface  would  ciiimble  away,  and  the  original 
features,  due  to  subterranean  movements,  would  gradually  disap- 
pear. These  features  would,  doubtless,  for  a  time,  modify  the 
course  of  many  of  the  streams,  but  their  influence  would  certainly 
wane  as  the  features  themselves  faded ;  and  as  Hutton  showed, 

1  Theory  of  the  Earth,  II.  538. 
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the   normal   system    of  valleys   of  erosion   would  necessarily  be 
restored. 

It  is  not  my  purpose  to  enter  into  a  discussion  of  the  origin  of 
valleys,  but  rather  to  point  out  the  bearing  which  the  evidence 
furnished  l)y  every  river  has  upon  this  question.  That  evidence, 
as  it  seems  to  me,  leads  inevitably  to  the  conclusion  that  those 
geologists  who  point  to  deep  valleys,  glens,  lakes,  and  ravines,  as 
parts  of  the  primeval  architecture  of  a  country,  referable  to  the 
upheavals  of  early  geological  history,  ignore  the  influence  of  one 
whole  department  of  natural  forces.  For  it  is  evident  that  if 
denudation  in  past  time  has  gone  on  with  anything  like  the 
ra2)idity  with  which  it  marches  now,  the  original  irregularities  of 
surface  produced  by  such  ancient  subterranean  movements  must 
long  ago  have  been  utterly  effaced.  Every  year  effects  a  measur- 
able change  upon  the  drainage  area  of  a  river,  and  after  the  lapse 
of  a  comparatively  brief  geological  period  the  present  features  of 
that  area  must  inevitably  disappear.  None  of  the  existing  external 
outlines  can  therefore  be,  in  their  present  form,  of  ancient  date. 
No  one,  indeed,  who  has  ever  studied  rocks  in  the  field,  is 
likely  to  overlooJv  the  existence  of  faults,  and  other  traces  of 
underground  movement.  But  he  meets  everywhere  with  proofs 
of  the  removal  of  vast  masses  of  rock  from  the  valley-systems 
— a  phenomenon  wliich  no  amount  of  subterranean  influence 
will  explain.  At  their  present  rate  of  excavation  the  atmos- 
pheric forces  will  carve  out  deep  and  wide  valleys  in  periods  which, 
by  most  geologists,  will  be  counted  short  indeed.  And  when  an 
agency  now  in  oi)eration  can  do  this,  it  is  surely  as  unnecessary 
as  it  is  unphilosophical  to  resort  to  conjectural  cataclysms  and 
primeval  earthquakes  for  which  there  is  no  evidence,  save  the 
very  phenomena  which  they  are  called  up  to  explain. 

In  reference  to  the  origin  of  the  present  configuration  of  the 
earth's  surface,  attention  has  recently  been  more  specially  dra^vn 
to  the  Highlands  of  Scotland  as  retaining,  in  great  measure,  the 
''  aboriginal  outline"  impressed  upon  them  by  ancient  upheavals  and 
fractures.  To  this  subject  it  may  be  proper  to  return  on  another 
occasion.  In  the  meantime  it  may  be  remarked  that  the  crumpling 
of  the  Highland  rocks  must  have  happened  2:>revious  to  the  formation 
of  the  Old  Eed  Sandstone.  This  is  a  relative  date  which  is  demon- 
strable by  the  simplest  kind  of  geological  reasoning.  If  then 
the  present  features  of  the  surface  are  duo,  as  is  alleged^  to  the 
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crumpling  and  fracture  of  the  rocks,  they  date  from  a  time  anterior 
to  the  Old  Red  Sandstone.  It  follows,  therefore,  either  that  the 
time  during  which  the  Old  Red  Sandstone  was  accumulated  cannot 
be  removed  by  any  long  period  from  our  own  day,  for  otherwise 
the  original  outlines  of  the  surface  would  have  been  obliterated  by 
atmospheric  waste,  acting  even  no  faster  than  it  is  doing  now;  or 
that  the  rate  of  denudation  (and  consequently  of  deposition)  must 
have  been  in  past  time  indefinitely  slower  than  at  present.  The 
former  half  of  the  alternative  mil  be  at  once  rejected;  the  latter 
goes  in  the  face  of  all  received  geological  belief. 

What  is  thus  true  of  the  Scottish  Highlands  is  equally  so 
of  other  districts  where  ancient  metamorphic  rocks  rise  into 
rugged  outlines  at  the  surface.  If  such  outlines  had  been  produced 
so  long  ago  as  the  time  of  the  Old  Red  Sandstone  or  Silurian  forma- 
tions, it  is  clear  that,  in  the  interval  which  has  since  elapsed,  the 
common  forces  of  denudation  must  have  been  wholly,  or  almost 
wholly,  inoperative.  Had  these  forces  acted  even  in  the  feeblest 
manner  conceivable,  it  is  incredible  that  any  vestige  of  a  land-sur- 
face should  have  retained  its  contour  duiing  the  lapse  of  all  the 
ages  which  have  passed  away  since  the  middle  of  the  palaeozoic 
period.  But  we  have  only  to  look  at  the  vast  thickness  of  stratified 
rocks  deposited  during  these  ages,  to  see  that  the  forces  of  denu- 
dation were  far  from  idle;  that  on  the  contrary  they  were  pro- 
bably at  least  as  active,  on  the  whole,  as  they  are  now.  Hence  we 
are  shut  up  to  the  conclusion  that  if  the  crumpling  and  fracturing 
of  the  crust  of  the  earth  dui^ing  j^alceozoic  times  gave  rise  to  broken 
and  rugged  land-surfaces,  such  surfaces  could  not  withstand  the 
ordinary  wear  and  tear  of  the  common  denuding  agents,  but  must 
long  ago  have  been  efiaced. 

The  consideration  of  this  subject  leads  naturally  to  an  inquiiy 
vrhether  some  support  to  the  views  now  combated  is  not  derived 
from  the  existence  of  those  numerous  rock-basins  in  which  lakes 
are  contained.  For  it  is  evident  that  though  running  water  may 
hollow  out  a  valley,  or  a  system  of  valleys,  it  cannot  be  supposed 
capable  of  excavating  a  series  of  deep  and  wide  cavities  in  solid  rock. 
It  would  be  apart  from  the  purport  of  the  present  paper  to  enter 
into  the  vexed  question  of  the  origin  of  lakes.  But  I  wish  to  point 
out  a  line  of  argument  which  springs  out  of  the  subject  we  have 
been  considering,  and  which  seems  to  me  to  possess  considerable 
weight. 
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"We  may  conveniently  divide  the  opinions  propounded  regarding 
the  origin  of  rock-basins  into  two  classes,  of  which  the  one  calls  in 
the  action  of  subterranean  forces,  while  the  other  relies  upon  the 
influence  of  denudation.  Under  the  former  division  must  be 
grouped  many  various  hypotheses  which  rest,  some  on  areas  of 
special  subsidence,  some  on  synclinal  foldings  of  the  strata,  some 
on  gaping  fissures,  some  on  wider  and  unequal  movements  of 
depression  and  elevation,  but  all  of  which  agi'ee  in  demanding  some 
movement  of  the  crust  underneath,  as  the  direct  cause  of  the 
hollows  at  the  surface  in  which  the  lakes  are  contained.  In  such 
rugged  and  mountainous  districts  as  the  Scottish  Highlands  and 
Norway,  the  lakes  are  appealed  to  as  pai-t  of  the  evidence  of  the 
ancient  fractures  and  upheavals,  the  results  of  which,  it  is  alleged, 
are  still  visible  in  the  contour  of  the  existmg  surface.  Let  us  see 
how  far  this  belief  is  consonant  with  the  present  system  of  nature. 

If  we  survey  the  phenomena  of  denudation  everywhere  in 
progress  over  the  surface  of  the  globe,  wo  shall  be  led,  I  believe,  to 
the  conclusion  that  lakes,  as  a  whole,  must  be  of  comparatively 
modern  origin.  Wc  see  that  the  streams  which  enter  them  push 
yearly  increasing  deltas  into  the  water.  Every  lake  in  our  own 
country  shows  this.  Many  alluvial  meadows  have  evidently  at 
one  time  been  lakes;  many  lakes  have  been  silted  up  within  the 
memory  of  man,  many  are  almost  diminisliing  visibly  from  year  to 
year.  The  rate  at  which  mud,  sand,  and  silt  are  poured  into  these 
hollows  shows  that  the  hollows  cannot  be,  in  a  geological  sense, 
very  old.  The  delta  of  the  Rhone,  for  example,  has  crept  a  mile 
and  a  half  into  the  lake  of  Geneva  in  about  800  years.  Eight 
centuries,  therefore,  must  represent  no  insignificant  fraction  of  the 
interval  which  has  elapsed  since  the  lake  first  began  to  receive  the 
detritus  of  the  river.  Had  the  basin  been  of  geologically  ancient 
origin,  it  must  necessarily  have  been  long  ago  filled  up  with  sedi- 
ment, and  once  in  that  condition,  no  power  of  ninning  water 
could  re-excavate  it  so  as  to  turn  it  into  a  lake  again. 

It  is  a  singular  and  significant  fact,  first  pointed  out  by  my 
friend  and  colleague.  Professor  Ramsay,  that  lakes  are  scattered  in 
immense  numbers  over  the  more  northern  portions  of  the  globe, 
while  in  more  temperate  and  tropical  regions  they  are  in  compari- 
son rare.  Had  these  millions  of  northern  lake-basins  been  due  to 
underground  commotion,  it  might  have  been  expected  that  they 
would  have  been  found  associated  with  volcanic  eruptions  or  other 
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phenomena  indicative  of  subterranean  activity.  But  as  is  well 
known  no  such,  association  exists.  On  the  contrary  the  lakes  are 
for  the  most  part  to  be  found  among  the  oldest  stratified  formations 
in  which  no  trace  of  recent  volcanic  action  is  to  be  seen.  We  have 
seen  that  the  lake-basins  cannot  be  assigned  to  early  fractures 
and  convolutions  of  these  ancient  rocks,  for  the  aboriginal  contour 
of  the  surface  must  long  ago  have  been  worn  away,  and  even  if 
the  rock-basins 'could  have  remained,  they  must  have  been  filled  up 
with  sediment,  and  thus  have  ceased  to  hold  lakes.  Those,  therefore, 
who  appeal  to  the  influence  of  underground  movements  as  the 
dii'ect  cause  of  rock-basins  must  seek  them  in  a  late  geological 
period ;  so  late  indeed,  that  it  may  be  considered  as  almost  part  of 
the  present  epoch.  In  order  to  account  for  the  innumerable  rock- 
basins  of  northern  latitudes,  they  are  driven  to  suppose  that  in 
these  regions,  within  geologically  recent  times,  the  surface  of  the 
gi^ound  has  been  fractured,  depressed  or  upheaved,  to  an  extent 
which  must  be  admitted  to  be  wholly  unknown  even  in  those  tracts 
which  are  at  present  most  devastated  by  earthquakes.  Nor  can 
any  other  corroborating  evidence  of  such  extensive  and  violent 
disturbance  be  obtained.  None  of  the  more  recent  tertiary  and 
post-tertiary  formations  give  any  indication  of  such  a  general  de- 
rangement of  their  strata. 

And  when  vre  come  to  examine  the  stracture  of  the  rock-basins 
themselves,  apart  from  theory,  as  to  their  origin,  we  find  them  to 
be  in  reality  hollows  worn  out  of  a  denuded  surface  of  rock.  They 
afibrd  no  hint  as  to  subterranean  movements,  but  show  along  every 
part  the  strongest  proofs  of  extensive  denudation.  Any  explana- 
tion of  their  origin  therefore  must  take  into  account  the  following 
facts  in  their  natural  history: — 

1.  Lakes  are  abundantly  scattered  over  the  more  northern 

parts  of  the  globe. 

2.  They  have  no  ascertainable  connection  with  earthquakes  or 

subten-anean  movements  of  any  kind. 

3.  They  lie  in  hollows  of  extensively  denuded  rocks. 

4.  They  must  be  of  comparatively  recent  origin. 

The  only  explanation  which  will  account  for  these  facts  is,  I  believe, 
that  propounded  by  Professor  Ramsay,  that  the  rock  basins  were 
scooped  out  by  the  ice  of  the  Glacial  period.     I  regard  this  expla- 
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nation  as  one  of  the  most  important  contributions  made  in  recent 
years  to  theoretical  geolof^^y.  It  removes  in  the  most  simple  way  a 
difficulty  which  has  long  perplexed  all  who  have  tried  to  trace  the 
history  of  the  present  outlines  of  land-surfaces,  and  who  have  felt 
that  the  existence  of  rock-bixsins  presented  an  anomaly  which  they 
could  not  satisfactorily  explain.  The  glacial-erosion  theory  removes 
this  difficulty,  haraionizcs  many  seemingly  discordant  facts,  and  fur- 
nishes a  new  and  important  method  of  elucidating  the  history  of 
the  earth's  surface. 

I  have  hitherto  spoken  of  the  general  results  of  suba3rial  denuda- 
tion considered  as  a  whole,  and  without  any  particular  regard  to 
the  varying  nature  of  the  rocks  upon  which  the  denuding  forces 
have  to  act.  It  is  sufficiently  obvious,  however,  that  though  there 
may  be  a  general  and  tolerably  uniform  result  obtained  over  the 
whole  of  the  surf;\ce  of  the  land,  there  nmst  be  at  the  same  time 
constant  modifications  according  to  the  varj^ing  nature  of  the  rocks 
underneath.  Thus,  hard,  jointed  rocks  will  tend  to  produce  rugged 
outlines,  while  softer  strata  will  crumble  into  smooth  slopes  or 
plains,  though  in  each  case  the  exposure  to  denudation  may  be  the 
same.  It  would  take  me  far  beyond  the  limits  necessarily  assigned 
to  this  paper  to  enter  into  the  details  of  this  part  of  the  subject. 
I  would  only  remark  that  most  of  the  well-marked  varieties  of  rock 
have,  when  in  sufficient  mass,  distinctive  forms  of  weathering,  which 
impart  a  character  to  the  local  scenery  ^  The  peculiarities  of  land- 
scape shown  by  districts  of  granite,  limestone,  chalk,  or  basalt,  are 
sufficiently  familiar  illustrations.  In  these  cases  we  can  watch  the 
influence  of  suba^rial  denudation  and  assure  ourselves  of  the  reality 
and  extent  of  its  influence.  But  over  and  above  the  mere  texture 
and  structure  of  the  rocks,  much  of  the  present  contour  of  a  country 
may  be  traced  to  the  guiding  influence  of  the  geological  arrange- 
ment of  the  rock-masses.  Lines  of  anticlinal  axis,  for  example, 
frequently  coincide  with  lines  of  valley,  while  synclinal  troughs 
form  lines  of  hill — a  relation  which  is  precisely  the  reverse  of  what 
might  have  been  expected.^  Faults  sometimes  have  determined 
the  course  of  valleys,  though  this  has  hajipened  much  less  frequently 
than  many  geologists  are  in  the  habit  of  asserting.  The  boundary 
line  of  two  geological  formations,  or  of  two  groups  of  sti*ata,  the 
upper  part  of  which  is  harder  than  the  lower,  has  frequently  given 

1  Sec  my  Scenery  of  Scotland,  Chaps,  viii.  and  xL  ami  references. 
2  0}).  cit.  147  and  note. 
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rise  to  the  formation  of  an  escarj^ment,  or  range  of  inland  cliffs.^ 
These  and  other  influences  of  the  rocks  underneath  upon  the  form 
of  the  surface  belong  to  the  history  of  denudation  in  past  times,  but 
they  require  to  be  taken  into  account  if  we  would  truly  follow  the 
results  of  the  denudation  actually  in  progress. 

IV.  Marine  Denudation. 

In  what  has  now  been  considered  we  have  had  regard  only  to 
that  portion  of  the  annual  loss  of  land  which  is  evinced  by  the 
transport  of  mineral  substances  by  rivers  into  the  sea.  But  besides 
this  portion,  there  is  likewise  removed,  every  year,  a  considerable 
amount  of  material  by  the  waves  that  beat  along  the  margin  of  the 
land.  We  see  this  annual  waste  visibly  advancing,  and  sometimes 
too,  with  a  melancholy  rapidity.  We  find  that  even  the  most  ii*on- 
bound  shores  yield  to  the  ceaseless  grinding  of  the  breakers.  The 
denudation  is  often  more  marked  along  the  coast-line  than  it  is  in- 
land, and  thus  we  are  apt  to  take  for  granted  that  the  sea  is  much 
the  most  powerful  agent  of  destruction,  and  that  marine  denu- 
dation is  the  most  important  of  all  the  various  modes  in  which 
the  Ijulk  of  the  solid  land  is  from  year  to  year  reduced.  Such  an 
inference  is  but  natural  in  a  country  like  our  own.  Here,  islanders 
as  we  are,  and  familiar  from  infancy  with  the  fury  of  the  breakers 
which  beat  along  our  coast-line,  and  strew  it  with  wrecks,  we  are 
prone  to  attribute  to  the  ocean  the  chief  share  of  the  work  of  wear- 
ing down  the  land.  Yet,  if  we  attentively  consider  the  abrasion, 
due  directly  to  marine  action,  we  are  led  to  perceive  that  its  extent 
is  comparatively  small.  In  what  is  called  marine  denudation,  the 
part  played  by  the  sea  is  mainly  that  of  removing  what  has  already 
been  loosened  and  decomposed  by  atmospheric  agents.  When 
these  decayed  portions  are  carried  away,  a  fresh  surface  is  again 
laid  open  to  subserial  influences,  to  be  in  turn  reduced  to  frag- 
ments, and  borne  away  seawards.  Were  it  not,  therefore,  for  the 
aid  given  by  rains,  springs,  frosts,  &c.,  the  progress  of  the  waves 
would  be  comparatively  slow.  Yet,  let  us  grant  to  the  action 
of  waves  and  tides  all  that  is  usually  included  under  the  term  Marine 
Denudation,  we  shall  still  find  that  the  sum  total  of  waste  along 

1  See  Foster  and  Topley,  Quart,  Jour,  Geol,  Soc.  xxi.,  p.  443.  Topley,  Geo!. 
Mag,,  iii.,  435;  iv,,  184.  Whitaker,  Id  iv,,  450.  Mr,  "Whitaker  has  given  an 
admirable  summary  of  the  evidence  in  favour  of  tlie  subterial  origin  of  escarp- 
ments. 
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the  margin  of  the  land  must  be  trilling  compared  with  that  which 
is  produced  by  the  meteoric  agents  upon  the  interior. 

At  the  outset,  it  is  evident  that  the  extent  of  surface  exposed 
to  the  power  of  the  waves  is  very  small  indeed  when  contrasted 
with  that  which  is  under  the  inlluence  of  atmospheric  waste.  Even 
in  an  island  like  Britain,  the  discrepancy  is  great,  and,  of  course, 
in  the  case  of  the  continents,  it  is  infinitely  greater.  In  the  general 
degi-adation  of  the  land  tliis  is  an  advantage  in  favour  of  the  sub- 
aerial  agents,  which  would  not  be  counterbalanced  unless  the  rate 
of  waste  by  the  sea  were  many  thousands  or  millions  of  times 
greater  than  that  of  rains,  frosts,  and  streams.  But  in  reality,  no 
such  compensation  exists.  In  order  to  see  this,  it  is  only  necessary 
to  place  side  by  side,  measurements  of  the  amount  of  work  actually 
performed  by  the  two  classes  of  agents.  Let  us  suppose,  for  instance, 
that  the  sea  eats  away  a  continent  at  the  rate  of  ten  feet  in  a 
century — an  estimate  which  probably  attributes  to  the  waves  a 
much  higher  rate  of  erosion  than  can,  as  the  average,  be  claimed  for 
them.^  Then  a  slice  of  about  a  mile  in  breadth  will  require  about 
52,800  years  for  its  demolition,  ten  miles  will  be  eaten  away  in 
528,000  years,  one  hundred  miles  in  5,280,000  yeai-s.  Now  we 
have  already  seen  that,  on  a  moderate  computation,  the  land  loses 
about  a  foot  from  its  general  surface  in  6000  years,  and  that  at 
this  rate  of  suboerial  denudation,  the  continent  of  Eui'ope  would  be 
worn  away  in  about  4,000,000  years.  Hence,  before  the  sea, 
advancing  at  the  rate  of  ten  feet  in  a  century,  coidd  pare  off  more 
than  a  mere  marginal  strip  of  land,  between  70  and  80  miles  in 
breadth,  the  whole  land  w^ould  be  washed  into  the  ocean  by  atmos- 
pheric denudation. 

Such  results  as  these  would  necessarily  be  produced  if  no  dlstm'b- 
auce  took  place  in  the  relative  levels  of  sea  and  land.  But  in 
estimatinir  the  amount  of  influence  to  be  attributed  to  each  of  the 
denuding  agents  in  past  times,  we  requii-e  to  take  into  account  the 
complicated  efiects  which  would  arise  from  the  upheaval  or  depres- 
sion of  the  earth's  crust.  If  frequent  risings  of  the  land  or  eleva- 
tions of  the  sea-floor  into  land  had  not  taken  place  in  the  geological 
past,  there  could  have  been  no  great  thickness  of  stratified  rocks 
formed,  for  the  first  continents  must  soon  have  been  washed  away. 

1  It  may  be  objected  that  this  rate  is  far  below  that  of  parts  of  the  east  coast 
of  England,  where  the  land  sometimes  loses  3  or  4  yards  in  one  year.  But  on 
the  other  hand,  along  the  rocky  western  coast,  the  loss  is  probably  not  so  much 
as  one  foot  iu  a  century. 


184      TRANSACTIONS  OF  THE  GEOL.  SOC.  OF  GLASGOW. 

But  the  great  depth  of  the  stratified  part  of  the  earth's  crust  and  the 
abundant  breaks  and  unconformities  among  these  sedimentary 
masses,  show  how  constantly  the  waste  of  the  land  was  compensated 
by  the  result  of  elevatory  movements. 

When  a  mass  of  land  is  raised  to  a  higher  level  above  the  sea,  a 
larger  surface  is  exposed  to  denudation.  As  a  rule  a  gi^eater  rain- 
fall is  the  result,  and  consequently  also  a  more  active  waste  of  the 
surface  by  subosrial  agents.  It  is  true  that  a  greater  extent  of 
coast  line  is  exposed  to  the  action  of  the  waves,  but  a  little  reflec- 
tion will  show  that  this  increase  will  not,  on  the  whole,  bring  with 
it  a  proportionate  increase  in  the  amount  of  marine  denudation. 
For  as  the  land  rises  the  cliffs  are  removed  from  the  reach  of  the 
breakers,  and  a  more  sloping  beach  is  produced  on  which  the  sea 
cannot  act  with  the  same  potency  as  when  it  beats  against  a  cliff- 
line.  Moreover,  as  the  sea-floor  approaches  nearer  to  the  surface 
of  the  water  it  is  the  former  detritus  washed  off  the  land  and 
deposited  under  the  sea,  which  comes  within  the  reach  of  the 
currents  and  waves.  This  serves,  in  some  measure,  as  a  protection 
to  the  solid  rock  below,  and  must  be  cut  away  by  the  ocean  before 
that  rock  can  be  exposed  anew.  While,  therefore,  elevatoiy  move- 
ments tend  on  the  whole  to  accelerate  the  action  of  subserial 
denudation,  they  serve  to  check  the  natural  and  ordinary  influence 
of  the  sea  in  wasting  the  land.  Again,  the  influence  of  movements 
of  depi-ession  will  probably  be  found  to  tend  in  an  opposite  direction. 
The  lowering  of  the  general  level  of  the  land  will,  as  a  rule,  help 
to  lessen  the  rainfall,  and  consequently  the  rate  of  subserial  denuda- 
tion. At  the  same  time  it  will  aid  the  action  of  the  waves  by 
removing  under  their  level  the  detritus  produced  by  them  and 
heaped  up  on  the  beach,  and  by  thus  bringing  constantly  within 
reach  of  the  sea  fresh  portions  of  the  land-surface.  But  even  with 
these  advantages  in  favour  of  marine  denudation,  the  balance  of 
power  will  probably,  on  the  whole,  remain  always  on  the  side  of 
the  subserial  agents. 

The  ultimate  tendency  of  the  erosive  action  of  the  waves 
is  to  reduce  the  land  to  a  level  under  the  sea.  While  this 
process  is  in  progress  many  inequalities  must  necessarily  be 
produced,  owing  to  variations  in  the  power  of  resistance  of  the 
rocks,  the  set  of  tides,  currents,  ttc.  Hence  arise  bays,  and 
promontories,  peninsulas,  and  islands,  with  all  those  varieties  of 
contour  with  which  we  are  so  familiar  along  the  seaboard  of  our 
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country.^  But  these  in-cgularities,  if  long  enough  exposed  to 
denudation,  are  in  the  end  planed  down  to  a  tolerably  uniform 
surface  under  the  sea  level. 

It  is  a  familiar  i^ict  that  the  angle  at  which  a  mass  of  land 
descends  to  the  sea-level  serves  roughly  to  indicate  the  dei)th  of 
water  near  shore.  Thus,  when  a  coast-line  is  precipitous,  there  is 
commonly  deep  water  near  the  land,  while  if  the  coast  be  low,  the 
sea  for  some  way  outward  is  shallow.  The  line  of  slope  above 
water  is  found  to  be,  in  a  general  way,  prolonged  l^elow  it — the 
belt  of  beach  forming  a  kind  of  teiTace  or  notch  along  the  slope. 
Sometimes,  of  coui-se,  this  ten-ace  runs  out  a  good  way  beyond 
low- water  mark;  at  other  times,  where  the  coast-line  is  precipitous, 
it  is  nearly  or  wholly  wanting.  I  do  not  remember  to  have  seen 
these  relations  of  suiface  discussed  by  any  geologist,  though  they 
are  well  known  in  navigation.  Certainly  tlicy  do  not  seem  to  have 
been  so  much  studied  as  they  ought  to  be  by  those  who  maintain 
the  immensely  superior  power  of  the  sea  over  that  of  the  other 
denuding  agents.  If  the  sea  plays  so  transcendent  a  pai-t  in  the 
denudation  of  the  land,  why  should  there  be  this  continuity  of  the 
seaward  and  landward  slope  1 

It  must  be  granted  that  the  erosive  action  of  the  sea  is  almost 
wholly  confined  to  the  littoral  waters.  Whatever  lies  below  the 
influence  of  winds  and  waves  can  suffer  but  little  change.  The 
tides  and  breakers  beating  on  the  land  cut  away  a  notch  or  plat- 
form along  its  margin,  and  the  surface  of  this  platfonn  comes  in 
the  end  to  correspond  with  the  do^vnward  limit  of  breaker-action. 
Now,  if  the  ocean,  as  a  denuding  agent,  really  deserves  the  pro- 
minent place  usually  assigned  to  it,  why  should  there  be  this 
common  seaward  prolongation  of  the  land-slope "?  Why  has  the 
ocean  not  been  able  to  make  a  much  more  notesvorthy  break  in  the 
continuity  of  the  slope,  or,  in  other  words,  to  cut  a  broad  ten-ace 
along  it?  Why  should  not  a  line  of  steep  clift',  for  instance,  be 
often  or  even  usually  fronted  with  a  broad  belt  of  comparatively 
shallow  water  lying  upon  the  terrace  formed  by  the  gradual  back- 
ward erosion  of  the  clifl-line  1 

To  these  questions  it  is  not  easy  to  find  a  wholly  satisfactory 
answer,  though  they  serve  to  indicate  that  the  potency  of  the 

1  Mr.  'Wliitaker,  in  the  excellent  paper  on  sixbajrial  denudation,  already  cited, 
has  pointed  out  the  different  results  which  are  obtained  by  the  subaerial  forces 
from  those  of  sea-action  in  the  production  of  lines  of  cliff.  See  Geol.  Mag. 
iv.  447,  ct  scq. 
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ocean  has  been  overstated  by  many  advocates  of  marine  denuda- 
tion. Possibly  the  influence  of  upheaval  oi'  depression  of  the 
crust  of  the  earth  requires  to  be  here  taken  into  account — the 
rate  of  marine  erosion  being  so  slow,  that  in  many  cases  it  cannot 
keej)  pace  with  the  upward  or  downward  movement  of  the  land. 

If,  then,  the  various  destructive  elements  have  acted  upon  the 
siu'face  of  the  land  in  j^fvst  time  with  any  approach  to  the  propor- 
tions in  which  they  are  acting  now,  it  seems  to  be  clear,  from 
the  various  considerations  which  have  now  been  adduced,  that 
the  sea  can  have  played  but  a  secondary  part  in  modelling 
the  outlines  of  a  continent.  It  may,  perhaps,  be  objected  to 
this  conclusion  that  the  traces  of  wide  level  tracts,  known  as 
plains  of  marine  denudation,  so  commonly  to  be  met  with  over 
the  earth's  surface,  can  only  be  attributed  to  sea-action,  and 
must  prove  the  sea  to  have  had  no  small  share  in  the  general 
task  of  planing  down  the  land.  These  plains  are,  indeed,  in  all 
probability  referable  to  the  action  of  the  sea;  but  if  we  reflect 
upon  the  tendency  of  atmospheric  waste,  we  must  perceive  that 
such  plains  are  the  natural  and  necessary  result  of  that  waste.  In 
short,  a  "  plain  of  marine  denudation"  is  that  sea-level  to  which  a 
mass  of  land  has  been  reduced  mainly  by  the  subaerial  forces ;  the 
line  below  which  further  degradation  became  impossible,  because 
the  land  was  thereafter  protected  by  being  covered  by  the  sea. 
Undoubtedly  the  last  touches  in  the  long  process  of  sculpturing 
were  given  by  the  waves  and  currents,  and  the  surface  of  the 
plain  corresponds  with  the  lower  limit  of  the  action  of  these 
forces.  Yet  I  cannot  but  believe  that  in  the  past  history  of  our 
planet  the  influence  of  the  ocean  has  been  far  more  conservative 
than  destiTictive.  Beneath  the  reach  of  the  waves  the  suiface  of 
the  abraded  land  has  escaped  the  demolition  which  sooner  or  later 
overtakes  all  that  rises  above  them ;  and  there,  too,  in  those  sub- 
marine depths,  the  sedimentary  materials  have  accumulated  out  of 
which  the  existing  continents  have  been  framed. 

V.  Conclusion.     Bearing  of  Modern  Denudation  upon   the  value 
of  Geological  Time. 

In  the  foregoing  pages,  denudation  has  been  treated  as  a  pro- 
cess now  advancing  before  us,  and  producing  certain  measurable 
results.     In  casting    our  eye   backward  along  the   past  history 
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of  our  planet,  we  see  that  similar  results  have  been  efTected 
in  former  geological  ages,  and  as  we  know  of  no  other  agents 
by  which  they  could  have  been  produced  save  those  very  agents 
which  are  still  at  work,  we  infer  that  the  operations  of  nature 
have  been  carried  on  upon  the  same  plan,  and  that  the  present 
system  of  change  upon  the  surface  of  the  earth  represents  the 
system  that  has  always  obtained.  It  is  not  necessary,  how- 
ever, to  assume,  as  is  too  often  done  by  modern  geologists,  that  the 
present  rate  of  change  has  always  been  uniform,  and  must  be  taken 
as  the  measure  for  all  past  and  all  future  time.  Though  we 
have  good  reason  to  believe  that  denudation  in  the  past  has 
been  the  result  of  the  same  agencies  by  which  it  is  still  produced, 
we  are  not  warranted  to  conclude  that  these  agencies  have  always 
acted  in  precisely  the  same  proportion  and  at  exactly  the  same  rate. 
The  present  system  may  indeed  represent  a  fair  average,  as  it  is 
certainly  the  only  one  on  which  we  can  safely  base  any  speculations 
regarding  the  past  changes  of  the  earth's  sui-face.  But  we  must  not 
dogmatically  assume  that  no  other  rate  of  change  could  have  been 
possible,  or  that  uniformity  of  causation  as  measured  by  human 
experience,  is  an  established  truth.  The  circle  of  that  experience 
is  still  too  narrow  to  justify  such  assumptions.  Only  within  the 
last  few  years  Mr.  Croll  has  taught  us  how  materially  the  changes  in 
progi'ess  upon  the  surface  of  the  earth  may  be  modified  by  cosmical 
causes,  which  recur  at  certain  definite  intervals.  And  there  may 
remain  other  infiuences  to  be  discovered  which  have  told  upon  the 
mutations  of  our  planet's  surface,  and  which,  therefore,  will  need 
to  be  taken  into  account  by  the  philosophical  geologist. 

But  while  caution  is  thus  on  every  account  necessary,  we  are 
still  at  liberty  to  maintain  that  of  the  two  modem  schools  of 
geology — the  IliUtonian  or  Uniformitarian  and  the  Catastrophic — 
the  former  has  an  overwhelming  balance  of  probability  in  its  favoui'. 
It  bases  its  deductions,  not  upon  inference,  but  upon  the  order  of 
nature  as  ascertained  by  experience — the  only  basis  on  which  any 
sound  exposition  of  physical  phenomena  can  be  laid.  So  long  as 
its  views  are  not  pushed  to  an  extreme,  and  its  assumed  premisses 
treated  as  actually  demonstrated  truths,  it  provides  us  with  the 
only  satisfactory  method  which  has  yet  been  discovered  for  eluci- 
dating the  bygone  history  of  our  globe.  Pure  catastrojyhism  (if 
one  may  venture  to  make  use  of  such  a  word)  avlII  certainly  lead 
us  into  error ;  mere  unifo-nnitariayiism^  as  usually  understood,  will 
not  brimx  us  into  the  whole  truth. 
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I  have  thouglit  it  necessary  to  make  these  remarks  as  indicative 
of  the  value  and  real  place  of  the  suggestions  which  remain  to  be 
added  as  a  conclusion  to  this  essay.  It  seems  to  me  that  though 
we  are  not  at  liberty  to  assert  that  the  present  rate  of  change  upon 
the  earth's  surface  has  been  on  the  whole  uniform  from  the  earliest 
geological  times,  nevertheless  as  it  is  the  only  rate  of  which  we 
have  any  actual  experience,  and  as  it  accords  with  all  evidence  of 
changes  in  the  geological  past,  we  are  warranted  in  the  meantime 
to  assume  it  as  an  average.  If  the  rate  has  varied,  and  most 
probably  it  has  done  so,  there  is  some  reason  to  suppose  that  the 
variations  have  on  the  whole  tended  rather  to  the  increase  of 
denudation,  or,  in  other  words,  that  the  present  ra,te,  if  not  an  aver- 
age, is  rather  below  the  mean  than  above  it.  In  assummg  the 
existing  rate  therefore  as  an  average  from  which  to  speculate  upon 
past  changes,  I  do  not  think  that  we  shall  be  likely  to  exaggerate 
the  results. 

Wlien  we  calmly  look  at  what  the  various  denuding  forces  are 
now  doing,  and  when  we  try  to  gain  a  vivid  idea  of  the  loss  of  land 
by  measuring  the  amount  of  material  which  is  annually  removed 
from  land-surfaces,  we  cannot  but  be  struck,  I  think,  by  the 
unexpected  rapidity  of  the  process.  Denudation  is  commonly  ap- 
pealed to  as  one  of  the  geological  phenomena,  which,  as  measured 
by  results,  best  attest  the  enormous  duration  of  geological  periods. 
And  this  conclusion  is  based  upon  the  idea  that  the  present  rate  of 
denudation  is  inconceivably  slow.  Yet,  as  we  have  seen  in  the 
previous  pages,  the  rate  of  waste  actually  in  progress  would  in  a  few 
millions  of  years  suffice  for  the  washing  away  of  all  the  solid  land 
on  the  face  of  the  globe.  The  proportions  already  given  for  the 
rate  of  waste  among  the  different  agents  of  denudation  and  in  dif- 
ferent areas  of  the  globe,  may  be  modified,  but  the  general  result 
will  doubtless  remain,  that  modern  denudation  is  in  reality  a  far 
more  gigantic  and  rapid  process  than  we  have  been  apt  to  believe, 
and  that  our  demands  for  enormous  periods,  in  so  far  as  based  upon 
the  evidence  of  past  denudation,  are  unnecessary. 

Denudation  and  deposition  are  phenomena  inseparably  connected; 
the  one  is  the  counterpart  of  the  other.  If,  theref  Dre,  all  evidence 
from  living  nature  goes  to  show  that  geologists  have  been  in  error 
in  requii'ing  too  vast  a  time  for  the  removal  of  large  masses  of 
solid  rock,  the  same  evidence  suffices  to  indicate,  that  they  must  be 
equally  wi'ong  in  demanding  enormous  periods  for  the  accumulation 
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into  stratified  rocks  of  the  material  so  removed.  The  whole  of 
that  chain  of  reasoning  which,  assuming  the  extremely  slow  rate 
of  waste  of  a  land  surface,  and  the  inconceivable  tardiness  of  the 
growth  of  a  thick  mass  of  stratified  deposits,  deduces  thei-efrom  the 
incalculable  duration  of  even  a  single  geological  period,  seems  to 
break  down  when  it  is  tested  by  the  facts  of  modern  denudation. 

Ptecent  researches  in  i)hysics  go  to  shew  that  the  unlimited  ages 
demanded  by  geologists  cannot  be  granted.^  We  have  been 
drawing  recklessly  upon  a  bank  in  which  it  appears  there  are  no 
further  funds  at  our  disposal.  It  is  well,  therefore,  to  find  that 
our  demands  are  really  unnecessary;  that  even  the  facts  of  our 
own  science  do  not  require  those  exorbitant  drafts  upon  the  past. 

There  is,  however,  a  line  of  objection  to  this  argument  in  favour 
of  briefer  intervals  in  geological  history,  the  importance  of  which  I 
am  far  from  under-estimating.  It  may  be  granted  that  the  physical 
evidence  certainly  favours  a  curtailment  of  geological  time,  but  it 
may  be  strongly  objected  that  the  pala^ontological  evidence  goes 
exactly  in  the  opposite  direction.  Under  any  view  of  the  origin 
of  species,  a  long  time  must  needs  be  demanded  for  the  appearance 
and  disappearance  of  successive  tribes  of  plants  and  animals.  And 
the  paleontologist  may  naturally  demur  to  any  explanation  of 
geological  phenomena  which  would  deprive  him  of  an  appeal  to 
unlimited  time  for  the  past  development  of  life  upon  the  earth. 
I  cannot  but  think,  however,  that  such  reluctance  would  mainly 
arise  from  the  difficulty  of  adequately  conceiving  the  length  of 
even  comparatively  brief  periods.  When  a  sum  rises  above  a  few 
hundreds  of  thousands  the  mind  ceases  thoroughly  to  realize  it, 
and  each  successive  cypher  which  may  be  added  produces  no 
corresponding  impression  upon  us.-  Probably  the  palaeontologist 
would  find  that  the  periods,  as  defined  by  purely  physical  evidence, 
would  still  remain  quite  vast  enough  for  the  accomplishment  of  the 
long  history  of  life.  Nor  must  he  forget  that  changes  in  the 
organic  world  must  be  to  a  large  extent  regulated  by  those  of  the 
inorganic  world.  If,  therefore,  we  could  shew  conclusively  that 
physical  changes  in  past  time  advanced  more  rapidly  than  had  been 
supposed,  it  would  be  necessary  to  consider  whether  the  periods 

1  Sec  Sir  W.  Thomsoic  Trans.  Roy.     Soc.  Eiliu.  vol.  xxiii.,  p.  157.     IMacmillan's 

INIagazine  for  ^Marcb,  18G2.    Trans.  Gcol.  Soc.  Glasgow,  vol.  iii.,  part  1.     Jama 

Crolf,  Phil.  Mag.  4th  sor.  xxxv.,  p.  303.  anrlxxxvi.,  j).  141.    About  100  millions  of 

years  is  the  time  assigned  within  which  aU  geological  history  must  be  comprised. 

-  See  Mr.  Croll's  paper  iu  PItil  Mag.  for  May,  18G8. 
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demanded  for  the  growth  and  extinction  of  species  and  genera 
might  not  have  been  likewise  exaggerated.  From  the  data  fur- 
nished by  the  denudation  now  in  progress,  it  seems  tolerably- 
certain  tliat  geologists  have  required,  for  the  accomplishment  of 
past  denudations,  periods  of  time  much  greater  than  our 
experience  of  the  present  economy  of  nature  warrants.  It  might 
be  well,  therefore,  if  the  palseontological  argument  were  re-examined 
with  the  view  of  ascertaining  whether  the  intervals  of  time,  which 
it  postulates,  might  not  all  be  easily  comprised  within  the  limits 
required  by  physical  data. 
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Annual  General  Meeting,  October  3rd,  18G7. 
Dri  John  Young,  President,  in  the  Cliair. 

The  Secretary  read  a  report  on  the  state  and  progress  of  the  Society  for 
the  past  year,  which  showed  that  the  members  on  the  roll  were,  for  1S(>7, 
232—  a  satisfactory  increase  over  the  preceding  year.  The  Library  had  been 
largely  increased  by  exchanges  with  Foreign  and  British  societies;  and, 
among  other  donations,  Archibald  Smith,  Esq.,  of  Jordanhill,  had,  with 
great  liberality,  presented  the  Society  with  one  hundred  volumes  of 
geological  works  from  the  library  of  his  late  father,  some  time  President  of 
the  Society.  The  Transactions  of  the  Society  for  the  last  session  were  in  a 
satisfactory  state  of  progress,  and  it  was  hoped  that  the  publication  would 
be  in  the  hands  of  the  members  by  November.  The  Museum  was  rapidly 
assuming  such  orderly  arrangement  as  would  be  creditable  to  the  Society 
and  useful  to  the  members.  It  had  recently  been  enriched  from  large  dona- 
tions by  Mr.  James  Home,  the  treasurer,  who  had  placed  his  entire  collection 
of  fossils,  as  well  as  his  rock  specimens  and  minerals,  at  the  disposal  of  the 
curator;  and  Mr.  George  Watson,  jun.,  had  also  presented  to  the  Society 
specimens  of  fossil  plants. 

The  following  officers  were  then  elected  for  18G7-C8  : — 

President  —  John   Young,   M.D.,  Professor  of   Natural  History  in  the 
University  of  Glasgow. 

Vice-Presidents— ^m\\.v.T)  A.  WuNSCii,  PtEV.  Henry  W.  Crosskey, 
John  Scoulek,  M.D.,  F.L.S. 

Secretary— J \^E5  Macalestee. 

Treasurer — James  Horne. 

Librarian  and  Curator  of  Museum — James  Armstrong. 

Council— JoJin  Young,  Thomas  Naismitit,  James  Dairon,  Alexander 
M'Gregor,  John  Pv.  S.  Hunter,  John  Douqall,  John  Sutherland, 
J.  Wallace  Young,  George  Pt,  Alexander,  Andrew  Armour, 
James  Thomson,  R.  Whyte  Skipsey. 

The  following  members  were  elected:  —  Life  member  —  Mr  George 
Macfarlane,  accountant,  Glasgow.  Ordinary  members — James  Geikie, 
of  the  Geologicial  Survey  ;  William  Bennet,  lithographer,  25  Queen  Street; 
George  Watson,  Jim.,  George  Square  ;  John  Laing,  City  of  Glasgow  Bank, 
Virginia  Street ;  William  Young,  City  of  Glasgow  Bank,  Virginia  Street ; 
Peter  Rcnuie,  auctioneer,  87  West  George  Street ;  Pobert  Mason,  plumber, 
Buchanan  Street;  P.  M.  Molr,  S3  Jamaica  Street;  R.  W.  Buchanan,  12 
South  Frederick  Street ;  Dr  W.  M.  Watts,  Coll.  laboratory ;  .^Vndrew  Fergus, 
M.D.,  Elmbank  Place. 
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October  31,  1868. 

De.  Johx  Youxg,  President,  in  the  Chair, 

The  Peesident,  after  paying  a  high  tribute  to  his  predecessor  in  office, 

the  late  Mr  James  Smith,  of  Jordanhill,  and  expressing  his  gratification  at 

the  erection  of  the  Geological  Survey  of  Scotland  into  a  separate  branch, 

under  the  directorship  of  one  so  competent  as  Mr  Archibald  Geikie,  pro  - 

ceeded  to  announce  the  subject  he  had  chosen  for  his  own  observations— 

"  The  evidence  of  Zoological  Continuity  in  the  Past ;  "  in  other  words,  the 

evidence  which  strata  present  for  the  uninterrupted  succession  of  life,  and 

the  light  they  throw  on  the  character  of  that  succession.     In  adopting  this 

subject,  he  said :—  "  I  am  quite  aware  of  the  possibility  of  carrying  you  into 

discussions  too  purely  anatomical  to  be  of  general  interest — a  danger  which, 

I  fear,  may  not  be  very  successfully  avoided.     It  seems  best,  therefore,  to 

restrict  myself  to-night  to  the  investigation  of  the  terms  'high'  and  'low,*" 

as  applied  to  organisms — terms  used  too  often  very  vaguely,  and  of  which 

no  definition  has  been  attempted  since  pakeontology  received  its  new 

impulse  in  1859.     These  terms  are  much  used  in  speaking  of  the  successive 

faunas  in  the  geological  series  ;  their  right  understanding  should  therefore 

precede  the  comparison  of  these  faunas  with  a  view  to  decide  their  grades 

relatively  to  each  other.     That  comparison  I  propose  to  take  up  at  a  future 

meeting."     The  lecturer  then  put  several  cases,  as  the  horse  and  mouse,  the 

horse  and  sheep,  the  lancelet  and  the  cuttlefish,  as  examples  of  the  difi'erent 

criteria  employed  in  deciding  the  superiority   of  one   animal  to  another, 

and  of  the  small  number  of  cases  which  the  criteria  would  separately  meet. 

The  comparison  of  the  lamb  and  the  human  infant  immediately  after  birth, 

shows  a  superiority  on  the  part  of  the  former,  which  raises  the  question,  as 

rec^ards  the  vertebrated  animals,  as  to  the  period  of  life  which  supplies  data 

for  the  decision  as  to  rank.     The  facts  of  structure  and  function  refer  only 

to  individuals  :  but  there  is  another  class  of  questions,  methodised,  at  least, 

if   not   called  into   existence  of   late  years — questions  dealing  with  the 

relations  of  species,  of  genera,  of  orders  to  their  animate  and  inanimate 

surroundings.     Among  those  questions  are  the  origin,  the  modification,  and 

the  extinction  of  species  under  external  influences.     The  uncertain  answers 

to  them  are  due  to  the  difiiculty  of  recognising,  or  finding  proof  of  change 

in  the  conditions ;  of  recognising  a  corresponding  change  of  structure ;  and 

of  distinguishing  concomitant  from  essential  phenomena.     In  the  geological 

record  there  is  a  certain  order  in  the  appearance  of  plants  and  animals.     It 

is  first  necessary  to  show  that  that  order  may  be  one  of  lineal  descent  so  far 

as  physical  geology  goes.    It  was  shewn  in  a  former  lecture  that  the  process 

of  rock  formation  by  deposit  from  water  has  been  continuous  from  the 

earliest  times,  and   conversely  that  dry  land  has  always  existed  :  that, 

therefore,  there  always  have  been  suitable  localities  for  some  forms  of  life. 

The  alternative  lies  between  the  hypothesis  of  special  creation  and  that  of 

zoological  continuity.     The  former  involves  so  mauj'-  contradictions,  and  is, 

after  all,  so  utterly  barren,  that  we  are  compelled  to  seek  for  some  theory 

which  shall  not  reduce  animals  to  the  rank  of  objects  to  be  arranged,  but 
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shall  show  that  their  classification  depends  on  the  right  understanding  of 
laws  continuously  operative  throughout  all  time.  The  lecturer  then  passed 
in  review  the  fossils  of  the  Palicozoic  and  Triassic  strata,  and  showed,  that  so 
far  as  the  structure  of  their  hard  parts  is  concerned,  it  cannot  be  afiirmed  as 
an  absolute  trutli  in  all  cases — though  there  is  great  probability  in  some — 
that  there  has  been  progress  from  the  earlier  to  tlic  more  recent  forms. 
The  fish  and  labyrinthodonts  were  the  groups  chiefly  referred  to,  and  in 
these,  especially  in  the  former,  it  was  pointed  out  that  structures  once 
relied  on  as  afTording  proof  of  embryonic  condition  had  since  (as  the  hetero- 
cercal  tail  of  fishes)  proved  to  be  the  rule  in  many,  if  not  all,  living  genera. 
The  peculiarities  in  the  distribution  of  living  Ganoid  fishes,  their  confine- 
ment to  North  America  {Lejndosteus),  the  Southern  States  (yi ??(/«),  North 
Africa  {Pobipterus),  South  Africa  [Calamoichthys),  and  to  the  rivers  of 
these  countries,  was  dwelt  on  with  reference  to  the  equally  peculiar  distri- 
bution of  tlie  mud  fishes — Lephlosircn  being  confined  to  South  American 
rivers,  and  Prodoptcrus  to  those  of  Africa.  The  "Persistent  Types,"  which 
Iluxlcy  adduced  to  show  that  any  doctrine  of  progression  must  1)C  com- 
patible with  the  persistence,  without  modification,  of  several  animal  types, 
involves  a  dilemma  out  of  which  there  are  only  two  ways  of  escape — either, 
1st,  It  must  be  shown  that  the  lost  intervals  between  formations  are  of 
enormous,  practically  indefinite,  duration ;  or,  2nd,  That  the  co-existence 
of  modified  and  unmodified  forms  was  of  more  frequent  occun-encc  than 
the  language  of  geologists  seem  to  imply.  To  the  explanation  which  seeks 
for  a  special  law  restricting  the  duration  of  the  life  of  a  jxiriod,  the  objec- 
tion lies  that  it  is  unphilosophic  to  fall  back  on  an  unknoMTi  quantity  till 
the  possibility  is  disproved  that  the  phenomena  arc  reducible  under  some 
law  already  know^l.  Dr.  Young  then  described  at  some  length  the  structure 
of  the  amphibians,  or  frogs  and  salamanders,  with  their  allies,  and  indicated 
the  points  on  which  they  resembled  fish  on  the  one  hand  and  reptiles  on 
the  other.  The  amphibians  were  selected  because  the  classification  of  the 
series  shows  a  gradation  of  structures  generally  paraljel  to  the  development 
of  the  tadpole  into  the  frog.  He  then  pointed  out  that  the  lab3'rinthodonts 
belonged  to  the  lower  divisions  of  the  amphibians,  but  that,  at  their  first 
appearance  in  the  coal,  they  present  two  forms  of  very  unequal  develop- 
ment as  regards  their  skeleton,  just  as  at  the  present  day  amphibians 
CO -exist  of  all  degrees  of  development.  It  was  next  shown  that  functionaUy 
the  sharks  are,  in  many  respects,  better  endowed  than  a  large  section  of 
the  amphibians.  The  latter,  however,  are  ranked  higher  than  the  former. 
And  now  let  us  seek  an  answer  to  the  great  question,  "Why  are  these 
pereuni branch  amphibia  ranked  as  higher  than  the  sharks?  Every  animal 
has  characters  in  common  with  other  animals,  but  the  number  of  these 
common  points  varies  gi'catly.  Thus,  the  exhalation  of  carbonic  acid  is, 
if  not  universal,  nearly  so  in  the  animal  kingdom  ;  but  lungs,  as  the 
instruments  of  that  exhalation,  are  common  to  a  small  section  of  the  whole 
series — are  therefore  not  merely  characteristic  of  that  section,  but  dis- 
tinguish it  and  separate  it  from  all  others.  Among  animals  possessing 
lungs,  not  all  nourish  their  young,  after  birth,  from  secretions  of  the  parent 
body.     Those  which  do  so  form  the  group  of  animals  distinguished  f  rem 
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all  other  groups  by  this  function,  or  by  the  organs  of  this  function. 
By  means  of  this  great  mass  of  common  and  peculiar  characters  we 
are  enabled  to  construct  groups  subordinate  to  each  other  in  a 
descending  scale  of  diminishing  speciality.  Thus,  under  the  general 
statement  that  some  animals  possess  backbones,  we  have  a  large  group ; 
of  animals  which  possess  backbones,  some  suckle  their  young — mam- 
mals, to  wit ;  the  other,  vertebrates,  are  thrown  into  a  single  group, 
which  we  seek  further  to  divide  by  ascertaining  what  characters  are  found 
which  are  not  universal.  Now,  in  the  eggs  of  some,  there  are  two  mem- 
branes present — the  amnion  and  allantois — which  are  absent  in  others. 
The  birds  and  reptiles  possess  these  structures ;  amphibians  and  fish  do  not. 
"What,  then,  are  the  distinctive  characters  whereby  these  two  are  separated 
from  each  other?  These  I  have  already  told  you.  I  might  have  gone 
through  the  whole  animal  kingdom,  and  shown  how  distinct  the  vertebrated 
animals  are  from  all  others — might  have  shown  further,  that  the  large 
assemblage  conveniently  but  unphilosophically  known  as  invertebrates  (for 
definition  by  a  negative,  by  the  absence  of  a  structure,  is  one  of  the 
crudities  only  admissible  in  the  dawn  of  science)  may  be  divided  into 
groups,  each  as  distinct  from  the  other  as  any  one  of  them  is  from  the 
vertebrates.  All  such  groups  are  the  exponents  of  common  plans ;  in  other 
words,  the  forms  included  under  them  are  constructed  after  a  plan  which, 
whether  it  involves  the  introduction  of  new  parts,  or  simply  the  re-arrange- 
ment of  those  already  existing,  offers  characters  of  such  vital  importance 
that  their  absence  or  change  would  amount  to  a  difference  in  kind.  But  it 
does  not  follow,  that  all  included  under  the  common  plan  manifest  the 
whole  of  the  characters  which  may  be  deduced  from  the  examination  of 
each  indi^^dual.  It  is  sufficient  that  the  amount  of  resemblance  seen  in 
the  arrangement  and  composition  of  the  2:)rincipal  organs  should  be  greater 
than  the  differences  presented  by  minor  or  less  important  points  ;  hence  it 
follows  that  single  characters  are  of  small  avail  in  definition.  That  all 
vertebrates  have  a  backbone,  is  true — that  all  vertebrates  have  a  spinal 
cord,  is  also  true ;  but  neither  of  these  covers  the  essence  of  the  vertebral 
common  plan,  which  is,  as  Von  Baer  expresses  it,  doubly  symmetrical — 
that  is,  consists  of  two  tubes,  parallel  to  each  other,  and  separated  by  a 
backbone  :  in  the  one  tube  lie  the  circulatory,  respiratory,  and  aKmentary 
organs — in  the  other,  the  spinal  cord.  It  is  by  no  means  necessary  that 
the  partition  of  these  two  tubes  should  be  a  backbone — the  separation 
might  have  been  effected  by  some  other  rigid  colunm  :  no  variation  in 
material,  however,  could  replace  the  double  parallel  tube.  But  this  double 
symmetry  has  reference  to  the  mode  of  development  of  the  young  in  the 
egg.  It  points  to  the  surface  at  which  growth  takes ;  it  is,  in  fact,  a 
difference  which  runs  thi'ough  all  stages  of  the  animal.  What  is  true  of 
vertebrates  generally,  is  equally  so  for  the  main  gi'oups  into  which  they 
are  divided.  The  first  appearance  of  either  a  fish  or  amphibian  is  the 
same — a  small  mass  of  matter,  which  undergoes,  in  either  case,  identical 
changes  up  to  a  certain  point ;  at  that  point  identity  ceases,  divergence 
takes  place,  and,  as  a  consecjuence,  there  results  in  the  one  case  an 
amphibian  with    its    distinctive    structures    already    mentioned— in  the 
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other,  a  fish.  It  is  perhaps  scarcely  necessary  to  repeat,  that  an 
ampliihian  does  not  reach  its  full  development]  by  passing  through  a 
stage  at  which  it  might  with  any  propriety  be  called  a  fish,  for  the 
frog  is  as  much  a  frog  while  its  bronchial  apparatus  is  in  force,  as  at  any 
later  period.  Neither  is  it  true,  as  will  appear  from  what  has  been  said, 
that  the  whole  of  any  group  is  higher  than  the  whole  of  any  other  group. 
On  the  contrary,  if  the  divisions  of  the  animal  kingdom  were  to  be  repre- 
sented by  vertical  lines,  these  lines  would  overlap  each  other.  The  forms 
at  the  base  of  the  second  line,  a,  in  II.,  are  linked  on  to  those  at  the  top 
by  an  unbroken  chain  of  resemblance — that  is,  there  are  certain  constant 
structures  which  persist,  though  others  may  be  obscured  or  lost.  In 
the  amphibia  represented  by  II.,  the  totality  of  the  structures  at  the  top 
presents  a  greater  complexity  ;  they  are  more  specialised — that  is,  they  are 
more  set  apart  for  particular  uses  than  is  the  case  in  the  totality  of  structures 
at  the  base  of  the  fish.  The  forms  at  a  are  therefore,  considered  structurally 
higher  than  the  forms  at  c,  because  they  possess  to  some  extent  the  greater 
specialisation.  But  there  is  that  other  aspect  of  life — tho  functional,  or 
physiological ;  not  what  animals  are,  but  what  they  do.  Tested  by  this 
standard,  how  are  I.  and  II.  related  ?  The  blind  worm,  with  its  feeble 
muscular  system,  sluggish  nervous  system,  and  imperfect  instruments  of 
locomotion,  is  not  to  be  compared  to  the  active,  predacious,  migratory 
shark.  It  is  adapted  for  a  less  varied  series  of  conditions  than  the  tyrant 
of  the  deep ;  and  though  adequately  discharging  its  limited  duties,  it  is 
lower  by  virtue  of  the  limitation  of  those  duties ;  it  is  inferior  as  a  machine, 
though  superior  only  by  virtue  of  adhering  to  a  series  whose  common  plan 
is  well  marked.  In  that  series  certain  members  lead  active  terrestrial  lives, 
surrounded  by  a  greater  variety  of  conditions  than  marine  animals,  with  a 
necessity  for  greater  functional  activity.  This  greater  activity  is  not  pro- 
cured by  multiplication  of  processes  going  on  in  the  shark,  but  bj^  a  division 
of  physiological  labour.  The  parts  are  more  numerous,  though  their  total 
bulk  may  be  less.  In  the  lower  members,  finally,  whether  that  lower  stage 
1)0  one  of  structure  or  function,  there  is  no  degradation  in  the  sense  of 
backward  progi'ess ;  where  structural  inferiority  is  found,  it  is  an  arrest  to 
development ;  where  the  parties  are  fewer,  it  is  because  the  functions  are 
more  limited.  There  are  but  two  ways  of  the  origin  of  living  things.  I 
do  not  speak  of  the  first  origin  of  all,  but  of  the  appearance  of  new  forms 
in  a  series  already  existing.  The  one  of  these  waj'S  is  that  of  a  relation  by 
descent,  with  modification ;  the  other  is  the  organisation  of  inert  matter. 
The  one  is  within  the  limits  of  science,  the  other  is  wholly  beyond  the  pale. 
Believing,  as  I  do,  in  the  relationship  of  all  liWng  things  by  descent,  I  find 
in  this  an  explanation  of  the  anomaly  illustrated  on  the  board,  that  h  may 
be  lower,  while  a  is  higher  than  d.  For  not  aU  the  indi\4duals  of  I.  have 
given  rise  to  the  individuals  of  II. ;  that  second  series  may  have^sprung 
from  one  primitive  member  of  the  first ;  but  is  it  even  necessary  that  the 
first  has  had  a  share  in  the  matter  ?  By  no  means ;  the  more  probable 
hj^othesis  is,  that  both  have  started  from  a  common  origin,  and  have  had 
their  subsequent  career  determined  by  outer  conditions — their  life  aud 
success  being  only  other  words  for  their  power  to  subsist  under  and  against 
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tliose  conditions.  I  hope  I  have  succeeded  in  making  plain  to  you  the 
reason  of  my  insistence  on  the  value  of  persistent  types.  Descent  with 
modification  is  the  probable  origin  of  our  present  faunas,  but  that  descent 
must  be  compatible  with  the  continuance,  unaltered  for  a  shorter  or  longer 
period  of  some  at  least  of  the  jAana  of  structure,  must  have  been  so  far 
under  external  influences  that  the  causes  of  change  have  been  at  all  times 
variable  in  amount  and  in  extent  of  action ;  otherwise  at  present  we  would 
see  around  in  only  higher  form,  the  lower  having  succumbed  to  a  universal 
law  of  change.  The  spirit  of  this  view  is  contained  in  a  pregnant  sentence 
by  one  of  our  highest  authorities  in  botany,  who  has  powerf ullj'  aided,  by 
his  writings,  the  philosophic  cultivation  of  natural  history.  Dr.  Hooker,  in 
his  Flora  of  Tasmania,  says  :— "The  degree  or  amount  of  variation  may  be 
assumed  as  differently  manifested  at  different  epochs  in  the  history  of  the 
gi'oup,"  and  goes  on,  "as  all  the  highest  orders  of  plants  contain  numerous 
species  and  even  genera  of  as  simple  construction  as  any  of  the  lower  orders 
are,  it  follows  that  the  physical  superiority  which  is  manifested  in  greater 
extent  of  variation  in  better  securing  a  succession  of  race  in  more  rapid 
multiplication  of  individuals,  and  even  in  increase  of  bulk,  is  in  some  cases 
of  a  higher  order  than  that  represented  by  mere  complexity  or  specialisation 
of  organ."  And  now,  gentlemen,  I  must  plead  the  interest  of  the  subject 
as  my  excuse  for  the  length  to  which  I  have  extended  my  remarks.  The 
point  at  which  I  leave  off  is  this  :  that  there  are,  in  truth,  two  parallel, 
but  not  always  coincident,  scales  of  gradation  in  living  things — the  one 
structural,  the  other  functional,  and  that  the  loss  of  coincidence  is  due  to 
the  influence  of  extraneous  powers  at  various  points  (or  times)  in  the  suc- 
cession of  organisms,  without  whose  continuity  neither  one  nor  other  kind 
of  gradation  would  exist. 


November  7,  1867. 
De.  Johx  Young,  President,  in  the  Chair. 

The  following  gentlemen  were  elected  resident  members  of  the  Society: — 
Mr.  Edward  Hull,  F. E.  S. ,  District  Surveyor  of  the  Geological  Survey,  3 
Hamilton  Park  Terrace  ;  Mr.  Eobert  Walker,  Surveyor  of  Taxes,  13  Queen 
Street;  Mr.  John  Hartley,  Cranstonhill  Engine  Works;  ]\Ir.  Walter  Stewart, 
City  of  Glasgow  Bank,  PoUokshaws ;  and  Mr.  David  Sandeman,  2  John 
Street. 

Mr.  Jonjr  Young  exhibited  a  series  of  specimens  in  illustration  of  the 
genus  Archceocidaris,  from  various  localities  in  the  West  of  Scotland,  and 
made  observations  upon  its  distribution  in  the  local  carboniferous  limestones. 
One  very*  perfect  specimen  in  particular,  from  the  Campsie  district,  shewed 
the  relation  which  the  long  muricated  spines  bore  to  the  test,  or  shell. 
Examples  of  nearly  all  the  hard  parts  of  Archceocidaris  Urli,  the  only  species 
hitherto  recorded  from  Scottish  carboniferous  strata,  had  been  found,  and 
it  was  intended  to  produce  figures  of  these  in  the  first  part  of  the  palreon- 
tolo;;ical  series  of  the  Society's  Transactions,  to  be  published  about  the  end 
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of  the  present  year.  Mr.  Young  said  that,  quite  recently,  from  among 
specimens  collected  by  Mr.  James  Bennie  in  the  Kilbride  district,  he  had 
detected  a  portion  of  the  spine  of  a  Belgian  species,  A.  MiinstcrianuA,  do 
Koninek,  and  from  the  occurrence  of  other  spines  and  plates  which  could 
not  be  identilied  with  either  of  the  species,  he  was  inclined  to  think  that 
more  than  these  two  forms  existed  in  the  carboniferous  strata  of  the  district. 
Mr.  Young  also  exhibited  two  examples  of  Productus  semireticulatus,  Mart., 
from  the  limestone  quarry  of  West  Broadstone,  near  Beith.  These 
exhibited  the  very  great  length  of  the  silver-coloured  spines  which  pro- 
ceeded from  the  auricular  expansions  of  the  shell,  some  of  them  measuring 
five  inches  long,  while  others  indicated  a  probable  length  of  seven  inches. 
The  following  papers  by  members  were  then  read  : — 

1.  On  the  Order  of  Succession  among  the  Silurian  llocks  of  Scotland. 
By  Archd.  Geikie,  Esq.,  Director  of  the  Geological  Survey  of  Scotland. — 
Conmiunicated  by  the  President  (p.  74), 

In  the  discussion  which  followed,  Mr.  E.  Hull,  F.H.S.,  drew  attention  to 
the  poverty  of  the  Scottish  Silurian  rocks  in  limestones,  as  compared  with 
those  of  the  border  districts  of  England  and  Wales,  where  calcareous  strata 
are  more  fully  developed,  and  remarked  that  there  was  an  apparent  simi- 
larity in  the  distribution  of  calcareous  strata  of  the  Silurian  and  Carboniferous 
rocks  of  the  two  countries.  In  the  latter  case,  the  Carboniferous  Limestone 
was  most  fully  developed  in  central  England,  attaining  in  Derbyshire  a 
thickness  of  over  4000  feet,  and  gradually  thinning  away  (as  was  very  well 
known)  northward  into  central  Scotland.  On  the  other  hand,  the  sedi- 
mentary materials  augment  in  bulk  towards  the  north-west,  and  in  north 
Lancashire  attain  a  thickness  of  about  18,000  feet.  Mr.  Hidl  thought  it 
probable  that  the  Silurian  sedimentary  strata  would  be  found  to  augment 
in  bulk  in  a  northerly  direction,  and  in  the  inverse  ratio  of  the  calcareous 
beds  of  the  same  formation.  He  believed  that  the  cause  in  each  case 
(Silurian  and  Carboniferous)  was  the  same,  and  that  these  changes  might  be 
explained  on  grounds  which  Bischof  had  hinted  at  in  his  "Chemical  Geology" 
— that  the  existence  of  sediment  in  the  ocean  is  inimical  to  the  formation 
of  limestones.  Applying  this  doctrine  to  the  cases  of  the  Silurian  and 
Carboniferous  formations,  and  supposing  the  source  of  the  sedimentary 
materials  to  have  lain  in  the  region  of  the  North  Atlantic  (then  a  continent), 
the  explanation  of  the  tailing  out  of  the  calcareous  beds  towards  the  north 
and  north-west  might,  he  thought,  be  found.  Mr  Hull  afterwards  exhibited 
some  C-inch  maps  of  the  Geological  Survey  of  Lancashire,  which  had  just 
been  completed,  shewing  the  divisions  of  the  Coal-measures  and  Millstone 
Grit  series,  which  had  been  traced  out  and  distinguished  by  faint  colouring; 
and  at  the  same  time  giving  a  short  account  of  these  strata,  and  their  thick- 
nesses in  Lancashire. 

2.  On  the  Upper  Silurian  Brachiopoda  of  the  Pentland  Hills,  and  of 
Lesmahago  in  Lanarkshire.  By  Thomas  Davidson,  Esq.,  F.B.S.— Com- 
municated by  the  Secretary. 

Mr.  Davidson  stated  that  previous  to  the  last  twenty  years  but  few 
Silurian  fossils  had  been  found  in  Scotland ;  and  indeed  it  was  only  after 
the  discovery  of  the  fossilifcrous  deposits  of  Ayrshire,  the  Pentland  Hills, 
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and  of  two  or  three  otlier  localities,  that  geologists  became  aware  that 
Scotland  possessed  both  Upper  and  Lower  Silurian  rocks,  with  not  only  an 
assemblage  of  characteristic  fossils,  but  also  with  a  certain  amount  of 
species  not  hitherto  recorded  from  "'similar  rocks  in  other  portions  of  Great 
Britain.  It  was  therefore  of  great  importance  that  the  fossils  from  the  lower 
Palaeozoic  series  of  Scotland  should  be  correctly  described  and  illustrated ; 
and  with  a  view  towards  furthering  that  object,  he  had  gladly  acceded  to 
the  request  made  him  by  the  President,  and  by  some  members  of  the  Society, 
that  he  should  prepare  for  the  Paljeontological  Series  of  the  Transactions  a 
series  of  descriptions  and  illustrations  of  our  Scottish  Silurian  Brachiopoda.  * 
Mr.  Davidson  then  gave  a  historical  resumi  of  the  published  observations 
on  the  stratigraphical  position  of  the  Silurian  rocks  of  the  Pentlands—  by 
M.  Bou^,  Mr.  E.  J.  H.  Cunningham,  ]SIr.  Chas.  Maclaren,  and  by  Mr.  Archd. 
Geikie  of  the  Geological  Survey.  Mr.  Geikie  had,  in  the  Survey  ISIemoir, 
determined  that  the  Upper  Silurians  form  the  fundamental  rocks  of  the 
Pentland  chain,  and  are  covered  unconformably  by  the  Old  Eed  Sandstone, 
by  felspathic  traps  of  Old  Red  age,  and  by  lower  Carboniferous  Sandstone  ; 
while  their  geological  position  was  equivalent  to  the  Ludlow  rocks  of 
England.  After  the  examination,  however,  of  several  thousand  specimens 
of  the  fossils,  Mr.  Davidson  was  of  opinion  that  both  the  Ludlow  and  the 
underlying  Wenlock  rocks  were  represented  in  the  Pentland  Hills.  The 
specimens  of  Brachiopoda  occur  principally  in  the  condition  of  external 
casts  and  internal  impressions — the  shell  itself  being  rarely  preserved. 
These  introductory  observations  were  followed  by  a  full  description  of  the 
s-jteoies,  about  twenty-six  in  number.  The  remaining  portion  of  Mr. 
Davidson's  paper  consisted  of  a  description  of  two  s^Decies  of  Brachiopoda, 
L'uigula  minima,  Sowerby,  and  a  Rhrjnchonella,  discovered  by  one  of  the 
members,  ]SIr  Eobert  Slimon,  in  the  Upper  Silurian  rocks  of  Lesmahago. 
The  Society  then  adjourned  till  November  28th. 


November  28th,  18G7. 

Dr.  John  Young,  President,  in  the  Chair. 

James  Geikie,  Esq.,  of  the  Geological  Survey,  read  a  paper  on  "Denuda- 
tion in  Scotland  since  Glacial  Times  "  (p.  54). 


December  5th,  1SG7. 
Dr.  John  Young,  Presldenf,  in  the  Chair. 

Mr.  Adam  Knox,  15  Crown  Point  Eoad,  Mile-end;  Mr.  Archibald 
Eobertson,  manufacturer,  25  Queen  Street;  and  Mr.  David  Eobertson, 
Eegent  Park  Terrace,  were  elected  ordinary  members. 

Various  donations  were  annoimced  as  presented  to  the  museum  and 
library,  for  which  the  thanks  of  the  Society  were  voted  to  the  various 
donors. 

*  Trans,  Gcol.  Soc.  Glasgow,  Palseontological  Scries,  Fasciculus  i.,  pL  1,  2,  3. 
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Mr.  John  Howatt  exhibited  a  line  specimen  from  Monte  Bolca  of 
G aster onemus  rhomheun. 

Dr.  YouNO  pointed  out  the  features  of  its  structure,  by  which  it  was  related 
to  livinc,'  forms,  such  as  the  Tunny,  and  Zc-u.t  (Dory) ;  and  remarked  on 
the  sudden  diminution  of  ganoids  at  the  close  of  the  Cretaceous  period. 

Mr,  J.  TuoMSOX  exhibited  specimens  of  Carboniferous  corals  of  the  genera 
ClisiophyUamy  Cyclophylliun,  Duncan  and  Thomson,  and  Auloj/Jiylluin 
Edicanhi,  sp.  nov.  D.  &  T. ;  and  entered  into  explanations  of  the  structural 
characters  upon  which  these  forms  were  established. 

Mr.  John  Young,  in  his  remarks  upon  CyclopJnjUum,  stated  that  since 
the  time  of  David  (Jre  (who  originally  described  the  coral  now  re-named 
CyclophyUum  funfjites),  it  had  been  shifted  from  one  genus  to  another  by 
palaeontologists,  no  fewer  than  two  new  genera  having  been  established 
to  receive  it,  and  he  doubted  very  much  if  it  had  yet  found  its  linal 
resting-place.  He  deprecated  very  much  the  establishing  of  generic 
distinctions  upon  small  and  unimportant  points  in  any  organism,  as 
tending  to  burden  science  with  useless  synonyms.  He  further  pointed 
out  that  Professor  M'Coy  had  clearly  delineated  the  various  parts  con- 
stituting the  internal  organisation  of  this  coral.  And  in  his  remarks 
upon  the  genus  Aulophyllum  of  Milne  Edwards  (of  which  Ure's  coral 
was  the  type),  M'Coy  showed  that  the  characters  which  he  relied 
upon  as  points  of  generic  distinction  only  serve  to  characterise  a  well- 
marked  species.  Dr.  Duncan's  figures  reveal  no  new  points  in  the  structure 
of  this  coral  which  were  not  already  known,  and  however  much  Dr.  Duncan 
may  differ  from  Professor  M'Coy  and  other  paheontologists  who  have 
described  this  genus,  in  his  interpretation  of  the  various  points  of 
structure  therein  displayed,  yet  he  (^Ir.  Young)  thought  that  these  points 
were  so  small  and  unimportant  as  hardly  to  warrant  it  being  again  placed 
in  a  new  genus. 

Mr.  Thomson,  in  replying  to  Mr.  Young's  remarks,  drew  attention  to 
two  errors  of  Ure's:  first,  that  he  described  the  corallum  referred  to  by  Mr. 
Young  as  being  broad  at  the  base,  a  feature  presented  by  Amplexus  only; 
second,  that  he  gives  Kilbride  as  the  locality,  whereas  Mr.  Thomson  had 
not  found  in  any  of  the  Kilbride  localities  any  other  turbinated  coral  than 
Zapltrentls.  Mr.  Thomson  repeated  the  structural  character  of  Cllsiophyllam, 
AnlopJnjlhoii,  and  CyclophyUum,  and  insisted  on  the  essential  difl'ereuce  of 
the  latter  from  the  former  two  in  this,  that  the  endothecal  structure  of  its 
columella  is  formed  by  a  system  of  down-curved  sub-convoluted  plates 
passing  from  the  inner  margin  of  the  primary  septa  to  the  outer  margin  of 
the  minute  lamella  of  the  essential  columella;  and  that  a  groove  was  then 
formed  roimd  the  inner  ends  of  the  primary  septa  and  the  columella  by  the 
curvatures  of  these  plates,  and  that  the  minute  septa  coalesced  and  formed 
a  system  of  plates  which  passed  inwards  and  downwards  conforming  to  the 
central  concavity  of  the  top  of  the  columella. 

Mr.  Tho:mson  also  exhibited  specimens  of  fish  remains  from  the  Airdrie 
blackband  ironstone.  These  were  referred  by  Dr.  Young  to  Metjalichthya 
and  lihoniboptychiwi;  but  two  jaws,  apparently  species  of  one  genus,  were 
considered  by  him  to  be  new,  or  rather  to  present,  in  situ,  teeth,  which 
he  had  hitherto  only  seen  detached.      These  teeth,  usually  assigned  to 


200  PROCEEDINGS    FOR   THE    YEAR   18G7-68. 

Amhhjpterus  or  Pi/gopferus,  Avoiild  appear  to  belong  to  some  Khizodont,  or, 
perhaps,  Labyriuthodont. 

Mr.  JoKN  DouGALL  read  a  paper  on  "The  Geology  of  the  Falls  of  Clyde, 
the  ]Mouse  Valley,  and  Cartland  Crags  "  (p.  44). 

The  Society  then  adjourned  till  January  9th. 


January  9th,  1868. 
Dr.  Joh:n  Young,  President,  in  the  Chair. 

The  following  gentlemen  were  elected  ordinary  members  : — Mr  William 
Thomson,  lecturer  on  chemistry  and  natural  science  at  the  Albert  College, 
Framliugham,  Suffolk ;  Mr.  Robert  Ross,  writer,  176  St.  Vincent  Street ; 
Mr.  James  Tennent,  78  Sauchiehall  Street;  Mr.  John  Gordon,  architect,  145 
West  George  Street ;  ^Ir.  Gordon  Smith,  writer,  133  West  George  Street ; 
Mr.  John  Davidson,  stationer,  170  Buchanan  Street ;  ISlr.  Henry  Purnell, 
engineer,  305  Parliamentary  Road;  Mr.  Turnbull,  engineer,  Canal-Basin 
Foundry ;  Mr.  John  AVilson,  contractor,  13  Minerva  Street  :  Mr.  Wm.  G. 
Scott,  120  East  Milton  Street ;  Mr.  C.  M'Lean,  glass  merchant,  56  London 
Street;  Mr.  E.  K.  Taylor,  17  Washington  Street;  and  Mr.  Henry  Dilley,  6 
Hope  Street. 

The  Rev.  Henry  W.  Crosskey,  Vice-President,  exhibited  implements, 
burnt  barley,  and  other  remains  from  the  Lake  dwellings  of  Switzerland, 

Mr.  John  Smith  exhibited  seed  cases  of  fossil  fruit  from  the  roof  of  the 
Virtue-well  coal,  Stonehouse,  containing  numerous  specimens  of  small  fossil 
seed  carpel,  which  appears  to  be  new  and  as  yet  undescribed.  These  seeds 
are  about  a  quarter  of  an  inch  in  length,  and  of  a  compressed  oval  form. 
They  resemble  very  much  the  seeds  of  an  umbelliferous  plant.  Under  a 
high  power  of  the  microscope  they  are  seen  to  be  finely  ornamented  with 
vertical  and  cross  striae.  The  generic  relations  of  these  seeds  are  not  at  all 
known,  and  it  is  intended  to  submit  them  to  the  inspection  of  some  able 
fossil  botanist. 

The  Rev.  Mr.  Crosskey  read  "  Note  on  the  Discovery  of  Leda  Arctica  at 
Stevenson,  Ayrshire.  The  substance  of  this  paper  is  given  in  the  series  of 
papers  on  the  Post  Tertiary  beds  of  Scotland.*  Mr  Crosskey  also  read  a 
paper  "  On  the  Characteristics  of  Boulder  Clay  "  (p.  149). 

The  Society  then  adjourned  till  January  16th. 


Ja^nUARY  16th,  1868. 
Edward  A.  Wijn.sch,  Esq.,  Vice-President,  in  the  Chair. 

Edward  Hull,  Esq.,  F.R.S.,  of  the  Geological  Survey,  read  a  paper 
"  On  the  physical  causes  which  seem  to  have  regulated  the  distribution  of 
the  Calcareous  and  Sedimentary  strata  of  Great  Britain,  with  special  refer- 
ence to  the  carboniferous  formation  "  (p.  33). 

The  Society  adjourned  till  February  6th. 

*  ante  p.  113. 
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February  Gth,  1808. 
Edward  A.  Wunscii,  Esq.,  Vice-President,  in  the  Chair. 

The  following  gentlemen  were  elected  members  of  the  society : — Mr. 
Thomas  Dove,  174  StalTord  Place,  New  (Jity  lload;  Mr.  James  Caird, 
plasterer,  80  Hope  Street;  Mr.  William  Mills,  slater,  30  New  City  lload;  Mr. 
William  Dunn,  coalmastcr,  2  Oswald  Street;  Mr.  Archibald  B.  Allan, 
student  of  engineering,  3  Argyll  Terrace,  Queen's  Park;  and  Mr.  John 
Craig,  G  Charing  Cross,  Sauchiehall  Street. 

Mr.  J.  Wallace  Young  exhibited  sections  of  pitchstonc  from  Arran  by 
means  of  the  microscope.  Pitchstonc  to  the  unaided  eye  appears  like  a  piece 
of  bottle  glass,  but  when  sections  are  examined  under  the  microscope 
beautiful  needle-shaped  crystals  of  pyroxene  are  observed  in  a  colourless 
fclspathic  base. 

Mr.  John  Smith  exhibited  a  remarkably  well-preserved  crinoid  from  the 
carboniferous  limestone,  I>cith.  The  specimen,  evidently  belonging  to  the 
genus  IViodocrlnus,  showed  the  stem,  calyx,  and  fingers  all  in  position,  a 
state  of  preservation  in  which  crinoids  are  very  rarely  obtained  in  the 
carboniferous  limestones  of  Scotland. 

A  communication  from  Dr.  William  Grossart,  of  Salsburg,  Holy  town,  one 
of  the  society's  corresponding  members,  on  the  "  Upper  Coal  Measures  of 
Lanarkshire,"  was  then  read  by  ^Mr.  John  Young  (p.  90). 

The  Society  adjourned  till  March  5th. 


February  27th,  ISOS. 

Dr.  John  Young,  President,  in  the  Chair. 

Sir  Wjlllvm  Thomson,   D.C.L.,   read  a  paper  on  "Geological  Time" 
(p.  1). 


March  5th,  1808. 
Dr.  John  Young,  President,  in  the  Chair. 

The  following  gentlemen  were  elected  resident  members  of  the  society: — 
Mr.  James  Colquhoun,  C.E.,  9  Wmton  Terrace,  Victoria  Poad;  Mr.  James 
Morrison,  131  Annfield  Street;  Mr.  llobert  M'Aulay,  27  Penficld  Street; 
Mr.  Archibald  Phillips,  40  West  Nile  Street;  Mr.  Joseph  Cook,  127  West 
George  Street;  and  Mr.  James  M'Lean,  hotel-keeper,  St.  Vincent  Street. 

The  President  exhibited  a  very  fine  lower  jaw  of  Rhizodus  lanceolatus,  re- 
cently obtained  by  the  Hunterian  ^luseum  from  the  Blackband  Ironstone  of 
Quarter,  near  Hamilton,  and  stated  the  gTounds  on  which  doubts  had  arisen 
as  to  its  belonging  to  the  genus  Rhv.odiis,  or  indeed  being  a  fish  at  all. 

The  folloAWng  fossils  were  exhibited  by  Mr.  James  Thomson: — 1st, 
Psammodus  rugosus,  from  the  carboniferous  limestone  of  the  Bcith  district. 
This  specimen— a  very  large  one — displayed  in  fine  preservation,  the  coarse 
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flexuous  ridges  which  distinguish  it  from  its  nearest  ally,  P.  porosus. 
24,  A  cast  and  sections  of  the  original  coral  figured  by  David  Ure  in  his 
Natural  History  of  Eutherglen  and  East  Kilbride,  and  named  by  him 
fungites,  lent  by  the  Koyal  Society  of  Edinburgh  (in  whose  museum  Ure's 
specimens  are  deposited),  and  which  :Mr.  Thomson  believed  to  be  the 
Cyclopliyllum  fungites  of  Dimcan  and  Thomson. 

Islr.  Thomson  then  read  a  paper  on  "The  Spines  of  Gyracanthus" 
illustrated  by  a  large  suite  of  spines  belonging  to  that  genus  (p.  130). 

Mr.  J.  Wallace  Young  read  a  paper  entitled  "  Miscellaneous  Notes  on 
Chemical  Geology."  1.  On  the  Analysis  of  Foliated  Chlorite  from  St. 
Catherine's,  Lochfyne.  2.  On  the  Presence  of  Sulphide  of  Zinc  in  a 
Crystalline  Carbonate  from  a  Trap  Dyke  (p.  28). 

The  Society  then  adjourned  till  the  last  Thursday  in  March. 


March  28th,  18G8. 
Dr.  John  Young,  President,  in  the  Chair. 

Archibald  Geikie,  Esq.,  Director  of  the  Geological  Survey  of  Scotland, 
read  a  paper  on  "  Modern  Denudation  "  (p.  153). 

An  animated  discussion,  in  which  Sir  William  Thomson,  Professor  Allen 
Thomson,  Mr.  John  Y'oung,  and  the  President,  took  part,  after  which  the 
Society  adjourned  till  April  2d. 


April  2nd,  1868. 
Edward  A.  WiJNSCH,  Esq.,  Vice-President,  in  the  Chair. 

The  Ptev.  John  Faulkner  Potts,  B.A.,  5  Bloomfield  Place,  Hillhead, 
was  elected  a  resident  member. 

The  Librarian  laid  on  the  table  copies  of  the  new  edition  of  Mr.  John 
Young's  paper  on  "The  Geology  of  the  Campsie  District,"  originally 
published  in  the  first  volume  of  the  Society's  Transactions. 

Mr.  John  Smith  exhibited  a  specimen  of  the  head  of  Megalichthys  Hihherti, 
which  he  had  recently  found  in  the  musselband  ironstone,  at  Swinhill 
Colliery,  near  Strathaven. 

The  following  communication  was  forwarded  by  Dr.  John  Young,  the 
President,  in  reference  to  the  specimen  of  Megallchlhys  exhibited  by  Mr. 
Smith: — The  head  of  Megalichthys,  now  exhibited,  presents  several  points  of 
interest.  Though  much  crushed,  its  parts  are  in  admirable  preservation. 
The  pressure  has  been  from  above  downwards ;  hence  the  most  fractured 
parts  are  the  jaws  and  opercular  apparatus.  Viewed  from  below,  the 
1  jwer  jaw  forms  a  somewhat  elliptical  boundary  :  in  the  centre  of  whose 
curve  lies  the  heart  shaped  median  j  ugular  plate,  overlapping  by  the  pos- 
terior half  of  its  circumference  the  two  principal  jugulars,  along  whose 
margins  arc  placed  the  lateral  jugular,  probably  six  in  number;  the  first  is 
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■wanting(?),  and  the  last  projecting  behind  the  principal  jugular  is  overlapped 
by  the  opercular  apparatus.  Immediately  behind  the  principal  jugular  is  a 
thick  ridge  in  the  position  of  the  pectoral  arch,  but  the  pectoral  fms  are 
gone.  Between  the  lower  jaw  and  the  lateral  jugidar  plates  is  a  triangular 
space  in  which  lies  a  distinct  small  plate,  which  I  interpret  as  the  intcr- 
opercular  ;  behind  it  is  the  large  plate  already  mentioned  as  concealing  the 
last  of  the  lateral- jugular  scries  ;  its  upper  margin  is  in  turn  concealed  by 
another  larger  plate  which  ascends  to  the  top  of  the  head.  The  position  of 
the  smaller  plate,  behind  the  interopcrcular,  and  below  the  opercular, 
determines  it  as  the  sub-opercnlar.  The  operculars  are  best  seen  from  above: 
that  of  the  right  side  is  in  place,  lying  in  contact  by  its  front  margin  with 
the  hind  pai't  of  the  head,  to  the  middle  line  of  which  it  reaches.  From 
the  middle  line  its  upper  margin  slopes  outwards  and  backwards,  so  as  to 
leave  a  triangular  space,  in  the  middle  of  which  rises  a  boss,  the  displaced 
vertebno  of  the  neck.  The  opercular  of  the  left  side  has  got  shifted  so  that 
its  anterior  lies  across  the  neck,  the  autero-posterio  angle  being  about  two 
inches  behind  its  proper  place,  that  is,  at  the  middle  line  of  the  cranium. 
The  two  bones  which  occupy  the  middle  of  the  head  are  the  fronto-parietals 
formed  by  the  union  of  the  frontals  and  parietals  ;  to  the  outside  of  them 
lie  two  bones,  the  anterior  frontal,  and  squamosal.  These  two  bound  the 
orbit  above.  Below  the  orbit,  separating  it  from  the  upper  jaw,  are  several 
small  bones  introduced  hypothetically  in  the  accompanying  drawing:  one 
large  plate  lies  between  the  squamosal  and  the  hinder  expanded  end  of 
the  upper  jaw.  The  premaxilla,  single,  solid,  is  beautifully  preserved.  In 
the  middle  of  its  upper  margin  lies  the  ethmoid  between  the  tips  of  the  nasal 
bones.     Often  both  bones  are  preserved. 

The  points  of  importance  elucidated  by  this  specimen  are : — 

1.  The  existence  of  three  opercular  bones;  a  fact  of  great  value  in  the 
classification  of  the  Megalichthys. 

2.  The  relations  of  the  prefrontal  and  squamosal  bones  as  being  the 
sole  boundaries  of  the  orbit. 

3.  The  extension  of  the  lateral  jugular  backwards  behind  the  posterior 
margins  of  the  principal  jugulars. 

4.  The  existence  of  two  kidney  shaped  orifices  hi  the  premaxilla,  in 
addition  to  the  two  already  recognised  which  lie  between  that  bone  and  the 
maxilla. 

The  thanks  of  the  Society  are  due  to  Mr.  Smith  for  exhibiting  this  speci- 
men, which  it  would  be  desirable,  if  he  would  aUow  it  to  figure  in  the  next 
fasciculus  of  our  Palreontological  Transactions. 

Mr.  James  Thomson  exhibited  specimens  of  —  1st,  Streptorhynchus 
crenktria,  and  its  several  varieties,  derived  from  various  locahties  in  the 
carboniferous  limestone  of  the  West  of  Scotland  :  and  2d,  Jhlzia  radialis 
and  SpirijXra  p'lnguis,  two  carboniferous  brachiopods,  the  latter  very  rare 
in  Scottish  carboniferous  strata. 

The  Eev.  Henky  W.  Ceosskey,  vice-president,  exhibited  specimens  of 
Arctic  mosses  found  at  Schussenried,  Wurtemberg,  associated  with  the 
remains  of  reindeer.  These  specimens  had  been  kindly  forwarded  to  him  by 
the  Rev.  A.  Steudel  of  Bavensberg,  and  comprise  the  following  species : — 
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Hypnum  aduncum,  vars.  GrcenlandkiLin  and  Sarmentosum,  and  one  species 
yet  undetermined.  The  section  in  which  they  occur  is  as  follows:— loose 
clay  with  erratic  blocks ;  bed  of  calcareous  tufa ;  clay  with  bones  of  reindeer; 
moss  bed;  tenacious  clay  with  erratic  blocks.  The  moss  bed  is  20  feet 
from  the  surface ;  the  beds  above  it  vary  slightly  in  thickness.  The  bones 
of  reindeer  are  abundant,  and  one  perfect  specimen  has  been  put  together. 
Flint  imj)lement3  and  other  indications  of  man's  existence  are  found  associ- 
ated with  the  bones.  The  importance  of  the  discovery  of  the  Arctic  mosses 
is  considerable,  since  it  indicates  that  the  reindeer  were  neither  accidental 
wanderers  nor  a  drove  brought  down  by  man  from  a  distance,  but  native 
to  the  district. 

The  following  papers  were  then  read  : — 

1.  "Ou  the  Post-Tertiary  fossiliferous  beds  of  Scotland."  By  the  Ptev. 
Henry  W.  Crosskey,  and  Mr.  Da-\-id  Robertson  (p.  113). 

2.  "On  the  Surface  Geology  of  the  District  round  Glasgow,  as  indicated 
by  the  Journals  of  certain  Bores."     By  Mr.  James  Bennie  (p.  133). 

Thanks  having  been  voted  to  the  exhibitors  of  specimens,  and  to  the 
authors  of  the  papers  read,  the  Society  adjourned  till  the  first  Thursday 
of  October. 
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SUMMER  EXCURSIONS— 18G8. 

April  4. — Beitii.  Hcctions  of  carboniferous  limestone — glaciated  limestone 
and  interjected  trap.  Mr.  Robert  Craig,  conductor. 
^^  18.— Spout  of  Ballaoan  and  Dunolass  Hill.  Natural  sections  of 
thin-bedded  limestone,  capped  by  sandstone  and  trap.  Dun- 
glass  Hill:  fine  example  of  columnar  and  amorphous  basalt. 
South  Hill:  conglomerate  sandstone  overlying  thin-bedded 
traps  of  Mugdock  Hill;  specimens  of  amygdaloidal  felstonc, 
and  other  varieties  of  trap  at  the  air-shafts  of  Mngduck 
Timnel.     Mr.  John  Young,  conductor. 

May  9. — Garuel  Glen.  Carboniferous  sandstone  and  coal  beds.  Coriiik- 
BURN:  sections  of  trap,  carboniferous  limestone  and  shale, 
ironstone  and  boulder  till. 
,,  2-4— Queen's  birth-day.— Bratdwood  and  Netiian  Glen.  Glens  of 
erosion,  Fcctions  of  carboniferous  limestone,  and  sandstone. 
Mr.  John  11,  .S.  Hunter,  conductor. 

June  G. — iNVERKir.       Sections    of    Old    Red    sandstone,   limestone,    and 
intrusive  trap.     Mr.  Edward  A.  Wiinsch,  V.P.,  conductor. 


Annual  General  Meeting,  October  1st,  ISGS. 

Dr.   John  Young,  President,  in  the  Chair. 

The  Secretary  read  the  report  by  the  Council,  on  which  some  discussion 
followed,  and  on  the  motion  of  the  President,  the  report  was  adopted. 

The  election  of  officers  was  then  proceeded  with,  and  a  ballot  having 
been  taken,  the  Council  was  declared  to  be  constituted  as  under:— 
President— Jons  Young,  M.D.,  Professor  of  Natural  History, 
Glasgow  University. 

!  Edward  Hull,  M.A.,  F.R.S.,  Geological  Survey. 
Edward  A.  Wunsch,  Esq. 
Rev.  Henry  W.  Crosskey,  F.G.S. 
Librarian  and  Curator  of  Museum — James  Armstrong,  1G  Albeit  Drive, 
Queen's  Park. 
Treasurer — John  Wight,  C.A.,  150  Hope  Street. 
Secretary— James  Macalester,  116  St.  Vincent  Street. 
Other  Members  of  Council— Brcxi.T^  Bell,  Wm.  Cameron,  James  Datron^ 
Thos.  Natsmith,  Alex.  M'Gregor,  Daniel  Wilson,  D.  Corse  Glkn, 
R.  White  Skipsev,  Geo.  R,  Alexander,  James  Thomson,  Andrew 
Armour,  J.  Wallace  Young. 
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MEETINGS  DUKING  SESSION  1868-G9. 

1868. 
Oct.  29. — Opening  Meeting.     President's  Address — Subject:  From  Geology 

to  History. 
Xov.  5, — ]SIoutlily  ]Meetiug.     Papers  by  jNIembers. 

^^    19, —Paper  on  tlie  Old  Eed  Sandstone,  by  Dr.  John  Young. 
Dec.    3. — Monthly  Meeting.     Papers  by  ^Members. 

,j    17, —  Paper  on  the  Carboniferous  Formation,  by  Mr.  John  Young. 

18G9. 
Jan.    7. — ^Monthly  Meeting.     Papers  by  Members. 

,,    21.— Paper  on  the  Secondary  Strata,  by  Edward  Hidl,  M.A.,  F.Pv.S. 
Peb,    4, — Monthly  jMeeting.     Papers  by  Members. 

^^    18, — Paper  on  Volcanic  and  Metamorphic  Eocks,  by  Mr.  E.  A.  Wiinsch. 
j^Iar,  4. — ]Monthly  Meeting.     Papers  by  Members. 

^^    18. — Paper  on  Tertiary  and  Post-Tertiary  Strata,   by  Ptcv.    H.  W. 
Crosskey,  F.G.S. 

,,    25. — Paper  on  Chemical  Geology,  by  Mr.  J.  Wallace  Young. 
Oct.    7.  — Annnal  Meeting. 


DONATIONS  TO  THE  SOCIETY'S  LIBRARY, 

From  30th  September,  1867,  to  1st  October,  1868. 


I. — Transactions,  Journals,  and  other  Publications, 

PRESENTED  BY  THE  RESPECTIVE  SOCIETIES. 

Berlin.     Zeitschrift  der  Deutschen  geologischen  Gesellschaft,  xix.  Band, 

3,  4,  Heft;  xx.  Band,  1,  2,  Heft. 
Berwick-on-Tweed.     Proceedings  of  the  Berwickshire  Naturalists'  Club, 

Vol.  v.,  Nos.  iv.,  V. 
Bremen.      Abhandlungen     herausgegeben    vom    NaturwissenschaftlJchen 

Vereine,  ii.  Band,  3  Heft. 
Brussels.      Bulletin  de  1'  Academic  Pioyale   de  Belgique,   2e  serie,  Tome 

xxiii.,  xxiv.     Annuaire,  1867-1868. 
Dresden.     Sitzungsberichte  der  Naturwissenschaftlichen  Gesellschaft,  Isis 

1867,  Kos.  4-9;  1868,  Xos.  1-3. 
Dudley.     Trans.  Dudley  and  Midland  Geological  and  Scientific  Society  and 

Field  Club,  Vol.  ii.,  No.  8. 
Edinburgh.     Proceedings  of  the  Poyal  Society,  Vols,  v.,  vi.,  part  1. 

Proceedings  of  the  Eoyal  Physical  Society. 

Glasgow.     Proceedings  of  the  Philosophical  Society,  Vols,  i.,  ii.,  iii.,  iv., 

v.,  vi.,  Nos.  1,  2,  3. 
Halle.      Zeitschrift  fllr   die  gessamten  Naturw.,  Vcrein  flir  Sachsen  und 

Thuringen,  Jahrgang  1867,  July — December, 
Liverpool.     Proc.  Geological  Society,  1867-68. 
London.     Quarterly  Journal,  Geological   Society,  Vol.  xxiii.,  Nos.  4,  5  ; 

Vol.  xxiv.,  Nos.  1,  2.  3. 
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London.      Geologists'  Association.      Annual  Report  for   1SG7.      List   of 
Members. 

Anthropological  Eevicw  and  Journal  of  the  Anthropological 


.Society,  Nos.  20,  21,  22. 
Manchester.     Transactions  of  the  Geological  .Society,  Vol.  vii.,  Nos.  1-9. 
Milan.     Atti  della  8ocieti\  Ttaliana  dc  .Scienze  Naturali.     Vol.  x.,  Fasc.  1,  2. 
Moscow.     Bulletin  de  la  yociete   Irapc-riale  des  Naturalistes,  T(jme  xi., 

Nos.  1,  2,  a 
Munich.     Sitzungsbcrichtc  der  Bayerische  Akademic  der  Wissenschaften, 

18C7,  2,  3  Heft;  2  Heft,  No.  4.     1SG8,  1  Heft,  Nos.  1,  2. 
Newcastle-ou-Tyne.      Natural   History  Transactions  of  Northumberland, 
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TART  I. 

1.  Ix  a  recent  adtlrcss  (Fel)ruaiy  19th,  18G9)  to  the  Geological 
Society  of  London,  from  the  Presidential  Chair,  Professor  Huxley 
directs  attention  to  the  two  following  sentences,  which  he  quotes 
from  my  lecture  on  "  Geological  Time,"  delivered  to  this  Society 
on  the  27th  February,  18G8  : — 

"  A  great  reform  in  geological  speculation  seems  now  to  have 
"  become  necessary.         •'  ••'  •'  '•'  ••'  * 

■•■.-  -x-  *  :".-  *  ■::•  *  #  jjt 

"  It  is  quite  certain  that  a  great  mistake  has  been  made — that 
"  British  popular  geology,  at  the  present  time,  is  in  direct  ojiposi- 
"  tion  to  the  principles  of  natural  philosophy." 

2.  Professor  Huxley  attempts  to  answer  these  charges,  and 
appeals  to  ''  that  higher  court  of  educated  scientific  opinion  to  which 
"  we  are  all  amenable,"  for  a  verdict  of  "  not  guilty."  He  prefaces 
"  his  pleading "  with  the  following  remarkable  statement: — *'As 
"  your  attorney-general  for  the  time  being,  I  thought  I  could  not  do 
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PART  I. 

1.  In  a  recent  luldrcss  (February  19th,  18G9)  to  the  Geological 
Society  of  London,  from  the  Presidential  Chair,  Professor  Hnxley 
directs  attention  to  the  two  following  sentences,  which  he  quotes 
from  my  lecture  on  "  Geological  Time,"  delivered  to  this  Society 
on  the  27th  February,  18G8  :— 

"  A  great  reform  in  geological  sj)eculation  seems  now  to  have 
"  become  necessary.         -''  ••'  "'  '•'  ••'  * 

:'.•  *  *  ;".-  *  •::-  *  #  » 

"  It  is  quite  certain  that  a  great  mistake  has  been  made — that 
"  British  popular  geology,  at  the  piesent  time,  is  in  direct  opposi- 
"  tion  to  the  principles  of  natural  }»liilosoi)hy." 

2.  Professor  Huxley  attempts  to  answer  these  charges,  and 
appeals  to  "  that  higher  court  of  educated  scientific  opinion  to  which 
"  we  are  all  amenable,"  for  a  verdict  of  "  not  guilty."  He  prefaces 
"  his  pleading  "  with  the  following  remarkable  statement: — "As 
"  your  attorney-general  for  the  time  being,  I  thought  I  could  not  tlo 
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''  better  than  get  up  tlie  case  with  a  view  of  advising  you.  It  is 
' '  true  that  the  charges  brought  forward  by  the  other  side  involve 
"  the  consideration  of  matters  quite  foreign  to  the  pursuits  with 
"  which  I  am  ordinarily  occupied  ;  but  in  that  resjiect  I  am  only 
"  in  a  position  which  is,  nine  times  out  of  ten,  occupied  by  counsel, 
"  who,  nevertheless,  contrive  to  gain  their  causes,  mainly  by  force 
''  of  mother-wit  and  common  sense,  aided  by  some  training  in  other 
"  intellectual  exercises." 

I  must,  therefore,  in  the  beginning,  be  permitted  to  say  that 
the  very  root  of  the  evil  to  which  I  object  is  that  so  many  geologists 
are  contented  to  regard  the  general  principles  of  natural  philosophy, 
and  their  application  to  terrestrial  physics,  as  matters  quite  foreign 
to  their  ordinary  pursuits.  I  must  also  say,  that  though  a  clever 
counsel  may,  by  force  of  mother-wit  and  common  sense,  aided  by 
his  very  peculiar  intellectual  training,  readily  carry  a  jury  with  him 
to  either  side,  when  a  scientific  question  is  before  the  court,  or  may 
even  succeed  in  perplexing  the  mind  of  a  judge ;  I  do  not  think  that 
the  high  court  of  educated  scientific  opinion  will  ever  be  satisfied 
by  pleadings  conducted  on  such  precedents.  But  jury  and  judge 
may  be  somewhat  perplexed  as  to  what  it  is  on  which  they  are 
asked  to  give  verdict  and  sentence,  when  they  learn  that  Professor 
Huxley  himself  makes  the  gravest  of  the  accusations  which  he 
repels  as  made  by  me.  In  the  course  of  his  address  he  describes 
Kant's  Cosmogony;  and,  pointing  out  anticipations  in  it  of  some  of 
the  "  great  principles  "  taught  in  the  Theory  of  the  Earth,  some- 
what later,  by  Hutton,  he  says,  "on  the  other  hand,  Kant  is  true 
"  to  science.  He  knows  no  bounds  to  geological  speculation,  but 
"  those  of  intellect.  He  reasons  back  to  a  beginning  of  the  present 
"  state  of  things ;  he  admits  the  possibility  of  an  end."  Professor 
Huxley  does  not  use  words  without  a  meaning :  and  these  mean 
that  Hutton  was  not  true  to  science,  when  he  said,  "  The  result, 
"  therefore,  of  this  physical  inquiry  is,  that  we  find  no  vestige  of  a 
"beginning,  no  prospect  of  an  end."  The  chief  comj)laint  on 
wliich  I  am  now  brought  into  court  is,  that  I  have  extended  the 
same  accusation  to  modern  followers  of  Hutton  who  have  used 
this  dictum  as  a  fundamental  maxim  of  their  geology. 

3.  In  opening  his  case.  Professor  Huxley  asks  "  What  is  it  to 
"which  Sir  W.  Thomson  refers  when  he  speaks  of  *  geological 
"  '  speculation '  and  '  British  Popular  Geology?'  "  then  enters  on  a 
highly  interesting  and  instiaictive  discussion  of  various  schools  of 
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geological  pliilosopliy,  wliich  constitutes  the  chief  substiincc  of  his 
address,  and  recurs  to  the  question,  "  Which  of  these  is  it  that  Sir 
"  William  Thomson  calls  upon  us  to  reform."  But  instead  of 
answering  this  question  he  says,  "  It  is  obviously  Uniformitarian- 
"  ism  "  wliich  Sir  W.  Thomson  "  takes  to  be  the  representative  of 
"geological  si)eculation  in  general."  I  have  given  no  gi-ound  for 
this  statement.  Not  merely  "obviously,''  but  avowedly  and 
explicitly,  I  attacked  Uniformitarianism ;  Init  I  did  not  attack 
geological  s])eculation  in  general.  On  the  contrary,  I  anxiously 
and  carefully  guarded  every  expression  of  my  complaint  from 
applicability  to  other  speculations  than  those  involving  more  or 
less  fundamentally  the  ])articular  fallacies  against  which  my  objec 
tions  were  directed ;  and  the  very  phrases  I  used  to  limit  my 
accusations  showed  that  I  had  not  taken  Uniformitarianism  to  be 
the  rei)resentative  of  geological  speculation  in  general.  The 
geology  which  I  learned  thirty  years  ago  in  the  Univei-sity  of 
Glasgow  embodied  the  fundamental  theory  now  described  and 
approved  by  Professor  Huxley  as  Evolutionism.  This  I  have 
always  considered  to  be  the  substantial  and  irrefragable  part  of 
geological  speculation;  and  I  have  looked  on  the  ultra-uniformi- 
tarianism  of  the  last  20  years  as  a  temporary  aberration  worthy 
of  being  energetically  protested  against. 

4.  In  the  course  of  his  lecture,  Professor  Huxley  says  : — "  I 
"  do  not  suppose  that  at  the  present  day  any  geologist  would 
"  be  found  to  maintain  absolute  imiformitarianism,  to  deny  that 
"  the  rapidity  of  the  rotation  of  the  earth  maij  be  diminishing, 
"  that  the  sun  may  be  Maxing  dim,  or  that  the  earth  itself  may  be 
"  cooling.  Most  of  us,  I  suspect,  are  Gallios,  '  who  care  for  none 
*'  '  of  these  things,'  being  of  opinion  that,  true  or  fictitious,  they  have 
"  made  no  practical  difference  to  the  earth,  during  the  period  of 
*'  which  a  record  is  preserved  in  stratified  deposits." 

It  is  precisely  because  so  many  geologists  "  have  cared  for  none 
of  these  things,"  which  (though  not  matters  of  words  merely)  do 
certainly  belong  to  the  law  of  Nature,  that  they  have  brought  so 
much  of  British  popular  geology  into  direct  opposition  to  the 
principles  of  Natural  Philosophy.  Professor  Huxley  tells  us  that 
they  have  been  of  ojnnion  that  the  secular  cooling  of  the  earth  has 
made  no  practical  difference  to  it  during  the  period  of  which  a 
record  is  preserved  in  stratified  deposits.  On  wiiat  calculation  is 
this  opinion  founded?     One  considerable  part  of  the  reform  in 
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geological  speculation  for  wliicli  I  ask  is,  that  evidence  adduced  in 
favour  of  the  opposite  opinion  should  be  thoroughly  sifted,  and  not 
merely  disposed  of  as  matters  of  opinion,  or  of  faith  beyond  the 
realm  of  reason. 

5.  It  was,  however,  in  reference  to  the  special  siibject  of  my 
])aper,  "Geological  Time,"  that  I  chiefly  urged  the  necessity  of 
reform,  and  it  is  satisfactory  now  to  see  that  in  this  res])ect  consider- 
able progress  must  have  been  made,  when,  on  the  19th  February, 
18G9,  Professor  Huxley  ventured  before  the  Geological  Society  of 
London  to  suggest  that  '•  the  Ihuitation  of  the  period  during  which 
-'livmg  beings  have  inhabited  this  planet  to  one,  two,  or  three 
"hundred  million  years,  may  be  admitted,  without  a  complete 
"revolution  in  geological  speculation."  When  he  says  that  on  me 
rests  the  onus  prohandi  of  my  assertion  in  January,  1868,  "that  a 
'•  great  reform  seemed  to  have  become  necessary,"  as  I  had  brought 
"forward  not  a  shadow  of  evidence  "  in  support  of  that  assertion, 
I  cannot  complain  that  he  puts  a  heavy  burden  on  me.  No 
moderately  well  read  or  well  instructed  student  of  modern  British 
popular  geology  wants  evidence  from  me,  in  addition  to  that 
suppKed  by  his  reminiscences  of  books  and  lectures,  that  the 
admission  of  such  a  limit  as  even  worthy  of  attention,  is  a  sweep- 
ino-  reform.  Here,  however,  is  some  of  it,  if  desii-ed.  [The  italics 
are  mine  in  each  case.] 

G.  "  So  ^  that,  in  all  probability,  a  far  longer  period  than  300 
"  million  years  has  elapsed  since  tlte  latter  ijart  of  the  secondary 
^^  Ijeriod'' 

7.  "  Again,^  where  the  FORCE  seems  unequal  to  the  result,  the 
"  student  should  never  lose  sight  of  the  element  TIME  :  an  element 
"  to  wliich  ive  can  set  no  boimds  in  the  past,  any  more  than  we  know 
"  of  its  limit  in  the  future." 

"  It  will  be  seen  from  this  hasty  indication  that  there  are  two 
"  gi-eat  schools  of  geological  causation — the  one  ascribing  every 
"  result  to  the  ordinary  operations  of  nature,  combined  with  the 
"  element  of  unlimited  time,  the  other  appealing  to  agents  that 
''operated  during  the  earlier  epochs  of  the  WDrld  with  greater 
"intensity,  and  also  for  the  most  part  over  wider  areas.  TJie 
'•former  heHfis  certainly  more  in  accordance  with  the  spirit  of  right 

1  Darwin's  "Origin  of  Species,"  Edition  1850,  page  287. 
2  Page's  Aflvancofl  Text  Book  of  Geology,  1859.     Page  338. 
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^^ pJiilosopJiij,  tliougli  it  must  be  confessed  that  many  i)robkni:>  in 
"  geology  seem  to  tind  their  solution  only  tlirough  the  iubnission  of 
"  the  latter  hypothesis." 

8.  "Any  ^  person  who  has  paid  even  the  slightest  attention  to 
"  the  science  of  geology  must  be  aware  of  the  fact  that  the  whole  of 
"  our  knowledge  in  re<?ard  to  af^e  in  this  science  is  confined  to 

o  o  o 

"  relative  age,  and  that  with  respect  to  absolute  age  we  have  little 
"  or  no  real  infcjrmation  ;  and  in  this  absence  of  positive  knowh  dge 
"  as  to  the  absolute  age  of  rocks,  geologists  have  sometimes  indulged 
"  in  the  wildest  and  most  extraordinary  sti\tements  and  speculations. 
"  TJtey  speak  of  the  enormous  lapse  of  time  requisite  for  the  foruia. 
"  tion  of  exceedinyhj  small  quantities  of  rocJc^  in  a  manner  that 
"  ivould  almost  make  v^  suppose  that  some  miraculous  agency  icas 
"  at  loork  to  retard  the  progress  of  the  formation  of  these  rocks. 
"  Indeed  it  has  been  well  observed  that  the  mantle  of  the  pnuchers 
"  has  fallen  on  the  geologists,  and  that  the  figures  and  images  by 
"  which  the  former  paint  to  their  terrified  audience  the  duration  of 
"  eternity,  a  parte  post  have  been  seized  on,  ami  ado))ted  by  the 
"  geologists  in  endeavouring  to  describe  eternity  a  parte  ante.  The 
"infinite  time  of  the  geologists  is  in  the  ]i)ast;  and  most  of  their 
"  speculations  regarding  this  suhject  seem  to  imp/g  the  absolute  injuiity 
"  of  this  time,  as  if  the  human  imagination  was  unable  to  grasp  the 
"  period  of  time  requisite  for  the  formation  of  a  few  inches  of  sand 
'•  or  feet  of  mud,  and  its  subsequent  consolidation  into  rock." 

"  Professor  Thomson  -  has  made  an  attempt  to  calculate  the 
"  length  of  time  during  which  the  sun  can  have  gone  on  burning 
"  at  the  present  rate,  and  has  come  to  the  following  conclusion  : — 
•' '  It  seems,  therefore,  on  the  whole,  most  probable  that  the  sun 
"  '  has  not  illuminated  the  earth  for  100,000,000  yeai-s,  and  almost 
"  '  certain  that  he  has  not  done  so  for  500,000,000  years.  As  for 
"  '  the  future,  we  may  say  with  e([ual  certainty  that  the  inhabitants 
"  '  of  the  earth  cannot  continue  to  enjoy  the  light  and  heat  essen- 
"  *  tial  to  their  life  for  many  million  years  longer,  imless  new  soiu'ces 
''  '  now  unkno\\n  to  us,  are  prepared  in  the  great  storehouse  of 
"  '  creation.' " 

"  This  result  of  Professor  Thomson's,  although  very  liberal  in  the 
"  allowance  of  time,  has  offended  geologists,  because,  having  been 

1  Manual  of  Geology,      liy  the  Rev.  S.  Haugliton.  F.Pv.S.     Edition  18G5,  \\  70. 
2  Ibid,     rage  82. 


220     TEANSACTIONS  OF  THE  GEOL.  SOC,  OF  GLASGOW. 

"  accustomed  to  deal  with  time  as  an  infinite  quantity  at  their  dis- 
"jD05a/,  they  feel  naturally  embarrassment  and  alarm  at  any  attempt 
*'  of  the  science  of  Physics  to  place  a  limit  upon  their  speculations. 
*'  It  is  quite  possible  that  even  a  hundred  million  of  years  may  be 
"  gi'eatly  in  excess  of  the  actual  time  during  which  the  sun's  heat 
"  has  remained  constant." 

"Although^  I  have  spoken  somewhat  disrespectfully  of  the 
"  geological  calculus  in  my  lecture,  yet  I  believe  that  the  time  during 
^^  which  organic  life  has  existed  on  the  earth  is  practically  infinite^ 
"  because  it  can  be  shoion  to  be  so  great  as  to  be  inconceivable  by 
"  beings  of  our  limited  intelligence.''' 

9.  "  The  ^  only  agent  to  which  we  can  reasonably  attribute  the 
*'  destruction  and  removal  of  masses  of  rock,  notwithstanding  that 
"  they  were  many  thousands  of  feet  in  thickness,  and  many  hundred 
"  thousand  square  miles  in  extent,  is  the  slow  and  gradual  gnawing 
''  of  the  sea  breakers  upon  coasts,  an  action  always  tending  to  plane 
"  dowTi  land  to  a  little  below  the  level  of  the  upper  surface  of  the 
*'  ocean." 

"  The  time  required  for  such  a  slow  process  to  effect  such  enor- 
"  mous  results  must  of  course  be  taken  to  be  inconceivably  great. 
"  The  word  '  inconceivably  '  is  not  here  used  in  a  vague,  but  in  a 
"  literal  sense,  to  indicate  that  the  lapse  of  time  required  for  the 
*'  denudation  that  has  produced  the  present  surfaces  of  some  of  the 
''  older  rocks,  is  vast  beyond  any  idea  of  time  which  the  human 
"  mind  is  caj^able  of  conceiving." 

"  Mr.  Darwin,  in  his  admirably-reasoned  book  on  the  origin  of 
"  species,  so  full  of  information  and  suggestion  on  all  geological 
"  subjects,  estimates  the  time  required  for  the  denudation  of  the 
"  rocks  of  the  weald  of  Kent,  or  the  erosion  of  space  between  the 
"  ranges  of  chalk  hills,  known  as  the  North  and  South  Downs,  at 
"  three  hmidred  millions  of  years.^  The  grounds  for  forming  this 
"  estimate  are  of  course  of  the  vaguest  description.  It  may  be 
"  possible,  perhaps,  that  the  estimate  is  a  hundred  times  too  great, 
"  and  that  the  real  time  elapsed  did  not  exceed  three  million 

1  Ibid,  page  99. 

*  Students'  Manual  of  Geology.     By  J.  B.  Jukes,  M.A.,  F.R.S.     18r,2. 

3  Prof.  Phillips  refers  to  this  estimate  of  Mr.  Darwin's ;  prefers  one  inch  per 
annum  to  one  inch  per  century  as  the  rate  of  erosion  ;  and  says  that  most 
observers  woiild  consider  even  the  one  inch  per  annum  too  small  for  all  but  the 
most  invincible  coasts  !  He  thus,  on  jjurely  geological  grounds,  reduces  Mr. 
Darwin's  estimate  of  the  time  to  less  than  one  one-hundredth.— Phillips' 
"  Life  on  the  Earth."    Cambridge,  18G0  (Eede  Lecture). 
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"years;  Lut,  on  tlie  other  hand,  it  Is  just  as  lihehj  that  the  time 
"  ivhich  actually  elapsed  since  the  first  coiiiDiencement  of  the  erosion 
"  till  it  was  nearly  as  complete  as  it  now  is,  was  really  a  hundred 
"  times  greater  than  his  estimate,  or  thirty  thousand  millions  of  years'' 

10.  It  is  to  be  presumed  that  Professor  Huxley  rei)udiates  these 
figures  when  he  says,  "  if  we  accept  the  limitiition  of  time  placed 
"  before  us  by  Sir  William  Thomson,  it  is  not  obvious  on  the  face 
"  of  the  matter  that  we  shall  have  to  alter  or  reform  our  ways  in 
"  any  appreciable  degree  :"  but  I  am  at  a  loss  to  understand  how 
he  can  ask,  "  has  it  ever  been  denied  that  this  period  may  be 
"  enough  for  the  purpose  of  geology." 

11.  In  marked  contrast  to  them,  is  Professor  Phillips' careful 
analysis  of  "  the  geological  scale  of  time."  ^  P>y  reckoning  the 
actual  thicknesses  of  different  strata,  and  allowing  ^|y  of  an  incli 
per  annum  as  a  not  improbable  mean  rate  at  which  they  have  been 
deposited,  he  finds  ninety-six  million  years  as  a  possible  estimate 
for  the  antiquity  of  the  base  of  the  stratified  rocks  :  but  he  gives 
reasons  for  supposing  that  this  may  be  an  over  estimate,  and  finds 
that  from  stratigra2)hical  evidence  alone,  we  may  regard  the 
antiquity  of  life  on  the  earth  as  being  possibly  between  thirty- 
eight  millions  and  ninety-six  millions  of  years.  How  many 
orthodox  geologists  accepted  these  estimates  fourteen  months  ago  ? 
Now,  indeed,  v/e  have  a  precisely  similar  estimate  from  Professor 
Huxley  himself.  And  just  twelve  months  ago  at  a  meeting  of 
this  Society,  Mr.  Geikie,  declaring  his  secession  from  the  i)revailing 
orthodoxy,  maintained  that  all  the  erosion  of  which  we  have 
monumental  evidence  in  stratified  rocks,  and  in  the  shapes  of  hills 
and  valleys  over  the  world,  could  have  taken  place  several  times 
over  in  the  period  of  a  hundred  million  years. 

12.  Professor  Huxley,  immediately  after  his  statement  (quoted  in 
§10  above),  "If  we  accept  the  limitation  of  time  placed  before  us  by 
"  Sii-  William  Thomson,  it  is  not  obvious  on  the  face  of  the  matter 
"  that  we  shall  have  to  alter  or  reform  our  ways  in  any  appreciable 
"  degree  ;"  says.  "  we  may  therefore  proceed  with  much  calmness. 
"  and,  indeed,  much  indifference  to  the  result,  to  enquire  whether 
"  that  limitation  is  justified  by  the  arguments  employed  in  its 
"support."  (The  italics  are  mine.)  This  method  of  treating  my 
"  case  "  is  perfectly  fair,  according  to  the  judicial  precedents  upon 
which  Professor  Huxley  professedly  founds  his  jtlcading.    I  make  no 

1  Ibi..l  p.  ll'J. 
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comment  or  reply,  but  simply  ask  permission  to  put  in  the  follow- 
ing evidence  (tlie  italics  again  are  mine)  : — "  He  wlio  can  read  Sir 
"  Charles  Lyell's  grand  work  on  the  Principles  of  Geology,  which 
"  the  future  historian  will  recognise  as  having  produced  a  revolu- 
"  tion  in  natural  science,  yet  does  not  admit  how  incomprehensibly 
"  vast  have  been  the  past  periods  of  time,  riiaij  at  once  close  this 
'■'volume."  (Darwin's  "Origin  of  Species  by  means  of  Natural 
Selection.")! 

13.  In  the  discussion  in  this  Society  which  followed  my 
lecture  on  Geological  Time,  the  necessity  for  much  longer  periods 
in  geological  history  than  100  million  years  was  very  strongly 
urged  on  biological  grounds.  I  answered  that  Geologists,  by 
estimates  of  very  great  numbers  of  millions  of  years,  had  misled 
biologists  into  hypotheses  which  could  not  now  be  justly  ad- 
duced to  support  such  estimates  when  physical  geology  declares 
against  them.  I  am  glad  to  find  this  view  supported  by  the 
high  authority  of  Professor  Huxley  himself,  who  says,  "  But  it 
"  may  be  said  that  it  is  biology  and  not  geology  which  asks  for  so 
''  much  time — that  the  succession  of  life  demands  vast  intervals ; 
''  but  this  appears  to  me  to  be  reasoning  in  a  circle.  Biology 
"takes  her  time  from  geology.  The  only  reason  we  have  for 
"  believing  in  the  slow  rate  of  the  change  in  living  forms  is  the 
"  fact  that  they  persist  through  a  series  of  deposits  which  geology 
"  informs  us  have  taken  a  long  while  to  make.  If  the  geological 
"  clock  is  wrong,  all  the  naturalist  will  have  to  do  is  to  modify  his 
"  notions  of  the  rapidity  of  change  accordingly."  But  I  may  be 
permitted  to  remark  that  a  correction  of  this  kind  cannot  be  said  to 
be  unimportant  in  refei-ence  to  biological  speculation.  The  limita- 
tion of  geological  periods,  imposed  by  physical  science,  cannot,  of 
course,  disprove  the  hypothesis  of  transmutation  of  species ;  but  it 
does  seem  sufficient  to  disprove  the  doctrine  that  transmutation  has 
taken  place  through  "descent  with  modification  bynatural  selection." 

14.  And  now  as  to  Prof.  Huxley's  examination  of  my  arguments. 
(I.)  Referring  to  my  estimate  of  the  retardation  of  the  earth's  rota- 
tional velocity  due  to  an  imagined  melting  of  ice  from  the  polar 
regions,  he  remarks  that  a  certain  accumulation  of  polar  ice  since 
the  miocene  epoch,  and  not  more  than  he  imagines  may  in  reality 
have  taken  place,  would  produce  five  times  as  much  acceleration, 
as  the  amount  of  the  retardation  which  we  have  estimated  from 

1  Edition,  1859 ;  page  282. 
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the  tides;  and  lie  supposes  tliat  this  would  "  leave  i  of  a  second 
"per  annum  in  the  way  of  acceleration."  But  the  observed  result  is 
retardation,  and  Professor  Huxley's  liyi)othesis  as  to  ice,  if  it  were 
valid,  would  therefore  ])rove  retardation  by  the  tides  six  times  as 
much  as  that  which  we  have  ventured  to  estimate  !  I  am  much 
obliged  to  him  for  this  suggestion,  and  also  to  Mr.  CroU  for  a  sug- 
gestion which  he  has  made  to  me  that  the  erosion  of  equatorial 
mountains  and  deposition  of  detached  matter  at  considerable  dis- 
tances from  the  equator,  in  either  north  or  south  latitude,  may  lie 
exerting,  at  the  present  time,  an  accelerating  inlluence  of  a  sensible 
amount  upon  the  earth's  rotational  velocity,  and  rendering  the 
observed  retardation  less  than  that  due  to  the  tid(\s.  For,  as  shewn 
in  my  lecture  on  Geological  Time  (§  12  and  Appendix),  the  dynamical 
theory  of  the  tides,  and  known  facts  regarding  the  interval  between 
"  full  and  chiinge  of  the  moon,"  and  the  times  of  spring  tides, 
render  it  diflicult  to  see  how  tidal  retardation  of  the  earth's  rota- 
tion can  be  so  little  as  to  make  the  integral  of  lost  time  in  a  cen- 
tury amount  to  only  twenty-two  seconds.  It  is  probable  that  some- 
thing of  this  accumulation  of  ice  suggested  by  Professor  Huxley,  or 
erosion  of  matter  from  the  equator  suggested  by  Mr.  Croll,  may, 
to  a  considerable  extent,  have  counteracted  the  tidal  retardation. 
15.  Now  Professor  Huxley  asks,  "  If  tidal  retardation  can  be 
"  thus  checked  and  overthrown  by  other^  temporary  conditions,  what 
"  becomes  of  the  confident  assertion,  based  upon  the  assumed  uni- 
"  formity  of  tidal  retardation,  that  ten  thousand  million  yeare  ago 
"  the  earth  must  have  been  rotating  more  than  twice  as  fast  as  at 
"present,  and,  therefore,  that  we  geologists  are  'in  direct  opposition 
•'Ho  the  principles  of  natural  philosophy  '  if  we  spread  geological 
"  history  over  that  time."  T  answer  that  tidal  retardation  cannot 
be  permanently  overthrow^n  by  temporary  conditions  ;  that  its  true 
amount  may  be  considerably  greater  than  that  which  we  have 
estimated  from  the  theory  of  the  moon's  motion ;  and  that  from 
million  of  years  to  million  of  years  it  must  always  be  a  jwsitive 
retardation  :  whereas  the  integral  effect  of  the  others  in  millions  of 
years  must  be  zero.  Professor  Huxley's  remarks,  instead  of  mak- 
ing my  assertion  less  w^orth}^  of  confidence,  give  us  a  probability 
that  we  may  re])eat  it  with  equal  confidence /or  a  smaUer  limit 
than  ten  thousand  million  j/ears,  when  in  the  course  of  a  few  years 

1 1  presume  the  presence  of  the  word  "other"  here  is  to  be  regarded  as  an 
undetected  "erratum." 
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the  committee  of  the  British  Association  on  tides  gives  iis,  for  all 
seas,  more  knowledge  of  the  times  of  spring  tides  relatively  to  the 
changes  of  the  moon ;  of  the  times  of  daily  high  water  relatively 
to  the  moon's  transits ;  and  of  the  amount  of  rise  and  fall,  than 
we  have  at  present. 

16.  But  since  Professor  Huxley  has  raised  the  definite  question 
— What  interchange  of  water  and  ice  would  keep  the  rotation  of  the 
earth  constant  from  the  miocene  period  ?  I  must  point  out  that  it 
can  be  answered  only  when  we  know  how  many  centuries  have 
elapsed,  supposing  we  assume  (as  he  does  with  me,  for  the  sake  of 
argument,)  a  uniform  datum  of  tidal  retardation;  and  must 
remark  that  he  has  omitted  to  multiply  his  estimated  thick- 
ness of  ice  by  this  unknown  number  of  centuries.  The  sub- 
ject is  certainly  somewhat  perplexing,  owing  to  the  ambiguity 
of  the  words  commonly  used  in  expressing  such  matters ; 
of  which  we  have  a  familiar  instance  in  the  statement,  "  clock  too 
"  fast,"  or  "  clock  too  slow,"  meaning  clock  before,  or  clock  behind. 
Our  estimate  of  tidal  retardation  is  such  as  to  make  the  earth, 
regarded  as  a  clock,  come  to  be  twenty-two  seconds  of  time 
behind  at  the  end  of  the  century,^  after  just  beginning  at  the 
beginning  of  the  century  to  go  slow,  and  going  gradually  slower 
and  slower,  at  a  uniform  rate  of  retardation  during  the  century. 
Thus  to  get  behind  by  twenty-two  seconds  at  the  end  of  the 
century  implies  going  slower  by  -22  of  a  second  per  annum  at  the 
middle  of  the  century  and  '44  of  a  second  per  annum  at  the  end, 
than  at  the  beginning  of  the  century.  This,  therefore,  gives  a 
retardation  of  -44  of  a  second  per  annum  per  century,  or  of  "0044 
of  a  second  per  annum  per  annimi ;  an  effect  equal  in  amount  to 
what  would  be  produced  by  the  melting  of  "044  of  a  foot  of  ice  per 
annum  from  ice  caps  of  twenty  degrees  round  each  pole.  Thus  to 
produce  an  amount  of  retardation  equal  to  that  which  we  estimate 
as  due  to  the  tides,  ice  must  melt  at  the  rate  of  '044  of  a  foot  per 
annum,  or  4*4  feet  per  century  from  the  polar  ice  caps.^  But  if 
the  actual  retardation  were  not  due  to  the  tides,  its  amount  would 
be  ten  instead  of  twenty-two,  by  observation  and  dynamical  theory 

1  252  times  22%  tliat  is,  ISToO^,  or  3^  49™  10^,  at  the  end  of  25  centuries. 

2  The  attraction  of  the  polar  ice  upon  tlie  ocean  referred  to  by  M.  Adhemar 
and  Mr.  Croll,  was  not  taken  into  account  in  my  calculations  in  the  "Kede 
Lecture  "  of  18CG,  from  whicli  these  figures  are  quoted.  Its  effect  is  to  render  a 
somewhat  less  thickness  of  ice,  but  gieater  depression  of  water  in  the  equatorial 
regions,  necessary  to  produce  the  same  increase  of  rotational  velocity. 
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of  the  moon's  motion.  Two  feet  of  ice  per  century,  therefore, 
melted  from  the  supposed  poLar  ice  caps  would  be  required  to 
account  for  it  by  the  melting  of  ice,  or  fifty  feet  in  the  twenty-five 
centuries  during  which  it  has  taken  place.  If,  then.  Professor 
Huxley  can  show  that  it  is  probable  that  ice  to  any  such  extent  as 
that  has  melted  from  polar  regions,  giving  a  gradual  rise  of  the  aver- 
age level  of  the  sea  to  the  extent  of  three  feet,  in  the  last  twenty-five 
centuries,  he  would  establish  the  probability  of  another  solution 
than  tidtil  retardation,  to  the  astronomical  question  put  before  us 
by  Adams.  But  the  very  fiict  that  dynamical  theory  of  the  tides 
leads  me  to  look  for  rather  a  greater  than  a  less  amount  of 
retardation  than  the  twenty-two  seconds  which  we  have  estimated, 
makes  it  probable  that  no  such  considerable  rising  of  the  sea  level, 
if  any  rising  at  all,  will  be  found  to  have  taken  place.  On  this 
question  we  may,  however,  fairly  look  for  some  positive  evi<lence 
from  the  investigations  of  geologists  and  archfeologists  combined. 

17.  My  expectations  from  tidal  dynamics  now  weigh  with  me 
very  decidedly  against  IM.  Dufour's  meteoric  hypothesis ; — much 
more  than  they  did  at  the  time  I  first  referred  to  it  in  the  Eede 
Lecture  of  18GG.  And  although  the  establishment  of  this  hypothe- 
sis would  be  almost  as  fiital  as  the  retardation  by  tides  to  the  uni- 
formitarian  geologists,  I  cannot  view  the  solution  of  the  question 
with  indifference.  I  look  forward  with  mucli  interest  to  see  it 
tested  by  chemical  analysis  of  the  dust  which  has  accumulated 
over  Egyptian,  Greek,  and  Assp-ian  monuments  for  the  last  two 
or  three  thousand  years. 

18.  (II.)  The  only  answer  which  Professor  Huxley  gives  to  my 

argument  from  the  sun's  heat  is,  that  as  lately  as  fifteen  years  ago 

I  "entertained  a  totally  different  view  of  the  origin  of  the  sun's 

"  heat,  and  believed  that  the  energy  radiated  from  year  to  year 

"  was  supplied  from  year  to  year,  a  doctrine  which  would  have 

"  suited  Hutton  perfectly."     So  fiir  from  this  being  the  case,  if 

Professor   Huxley   will    *'  Hansardize "   me    by   looking    to    my 

original  paper  on  "  The  Mechanical  Energies  of  the  Solar  System," 

he  will  see  that  my  contribution  to  the  meteoric  theory  of  solar 

heat  was  to  prove  the  insufficiency  of  any  chemical  theory,  and  to 

point  out  that  meteoric  siqyply  cannot  he  j^ereyinial  in  even  apjyroxi- 

mate  uniformity  with  the  existing  order  of  things}      I  think  he 

1  Farther  information  on  this  point  is  to  he  f  -lunl  in  an  extract  from  the 
Proceedings  of  the  Ghvsgow  Philosophical  Society,  ]March  24,  180^,  appended 
(Pai-tllL,  below). 
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will  find  nothing  in  that  paper  which  "justly  entitles"  him  to 
"  disregard  "  my  present  estimates,  but,  on  the  conti'ary,  much  to 
enforce  them.  In  a  note  to  that  paper,  dated  May  4th,  1854, 
is  to  be  found  an  indication  of  my  subsequent  correction  of  the 
untenable  part  of  my  first  views,  and,  obstructing  it,  a  difiiculty 
which  I  then  felt  as  to  the  sun's  capacity  for  heat.  In  my  article 
on  the  Age  of  the  Sun's  Heat,^  to  which  Professor  Huxley  refers, 
a  resolution  of  that  difficulty  is  pointed  out,  according  to  which  it 
is  shown  that  the  sun's  capacity  for  heat  is  probably  more  than  ten 
times,  and  less  than  10,000  times  that  of  an  equal  mass  of  water 
under  ordinary  pressure.  A  British  jury  could  not,  I  think,  be 
easily  persuaded  to  disregard  my  present  estimate  by  being  told 
that  I  have  learned  sometliing  in  fifteen  years. 

19.  (III.)  Referring  to  my  third  line  of  argument  founded  on  a 
consideration  of  terrestrial  temperature,  Professor  Huxley  asks  the 
question,  "  But  is  the  earth  nothing  but  a  cooling  mass,  '  like  a 
"  'hot- water  jar,  such  as  is  used  in  carriages,'  or  'a  globe  of  sand- 
"* stone,'  and  has  its  cooling  been  uniform'?"  and  says,  "An 
"  aflfirmative  answer  to  both  these  cj[uestions  seems  to  be  necessary 
"  to  the  validity  of  the  calculations  on  which  Sir  W.  Thomson  lays 
"  so  much  stress."  I  reply  that  I  have  carefully  considered  the 
first  question,  and  referred  to  it  in  my  paper  on  the  Secular  Cool- 
ing of  the  Earth  §  9,^  or  Thomson  and  Tait's  Natural  Philosophy, 
Appendix  D,  §  i.  ;  and  that  the  main  purport  of  that  i)aper 
constitutes  a  negative  ayisiver  to  the  second  question.  I  have 
distinguished  the  results  calculated  from  conduction  at  only  the 
present  rate,  giving  a  limit  of  twenty  or  thirty  thousand  million 
years,  in  a  short  article  of  more  recent  date  entitled,  "  The 
"  Doctrine  of  Uniformity  in  Geology  Briefly  Eefuted,"  from  those 
of  the  analytical  investigation  of  the  "antecedents"  of  the  present 
condition  of  underground  heat,  contained  in  my  former  paper 
("  Secular  Cooling").  The  analytical  investigation  shows  the  law 
of  the  greater  rate  of  conduction  outwards  in  past  times,  and 
demonstrates  a  much  closer  limit  for  the  whole  time  during  which 
the  earth  has  been  solid  and  continuously  cool  enough  at  its 
surface  to  be  habitable  without  break  of  continuity  to  life,  than 
can  be  estimated  without  taking  into  account  the  deviation  from 
uniformity  which  I  assert. 

1  IMacmillan's  -Magazine,  March,  1862. 

2  Secular  Cooling,  ^  l.S ;  Transactions  of  the  Royal  Society  of  Edinburgh,  18C2; 
PhiL  ^Mag.,  18G2;  or,  Thomson  and  Tait,  AppendLx  D,  §  5. 
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20.  Ilefcrring  partly  to  my  views  and  paitly  t«3  liis  own  inad- 
vertent raisstatement  of  tlicin,  Professor  Huxley  continues: — 

"  Nevertheless  it  may  be  urged  that  such  atfirmative  answoi-s 
"  are  jMiiely  hypothetical,  and  that  other  suppositions  have  an 
"equal  right  to  consideratio]i.  For  example,  is  it  not  possible 
"  that  the  i)rodigious  ^  temperature  which  would  seem  to  exist 
'•at  100  miles  below  the  surftice,  all  the  metallic  bases  may  behave 
'*  as  mercury  does  at  a  red  heat,  when  it  refuses  to  combine  with 
"  oxygen ;  while,  nearer  the  surface,  and  therefore  at  a  lower  tem- 
"  peraturc,  they  may  enter  into  combination  (as  mercury  docs 
"  with  oxygen  a  few  degrees  below  its  boiling  point)  and  so  give 
"  rise  to  a  heat  which  is  totally  distinct  ^  from  that  which  they 
''possess  as  cooling  bodies?  And  has  it  not  also  been  proved  by 
'•  recent  researches  that  the  quality  of  the  atmosphere  may 
''  immensely  aifect  its  permeability  to  heat,  and  consequently  pro- 
'•  foundly  modify  the  rate  of  cooling  of  the  globe  as  a  whole  ] 

"  I  do  not  think  it  can  be  denied  that  such  conditions  mjiy  exist, 
'•  and  may  so  greatly  affect  the  supply  and  the  loss  of  terrestrial 
"heat  as  to  destroy  the  value  of  any  calculations  which  l<':uw 
"  them  out  of  siglit." 

I  re})ly  that  I  admit  the  first,  and  emphatically  deny  the  second, 
proposition  of  the  last  sentence.  Heat  of  combination  of  elements, 
present  together  in  a  mix<;d  mass  and  devoid  of  chemical  affinity 
at  a  high  temperature,  but  acquii-ing  chemical  aflinity  and  con- 
sequently combining  as  the  temperature  sinks,  constitutes  merely 
an  addition  to  the  sum  of  tlie  thermal  capaciti(,'s  of  the  several 
elements  separately  reckoned,  to  give  the  effective  thermal  capacitv 
of  the  composite  mass.  And  thev  alue  of  "  calculations  "  which 
leave  this  possibility  "out  of  sight"  is  not  "destroyed"  though 
an  altered  figure  in  the  result  might  be  necessitated  by  an  altereil 
estimate  of  specific  heat.  But  in  my  calculations  I  have  left  a 
wide  enough  margin  to  give  due  weight  on  Professor  Huxley's  side 
to  the  smallness  of  our  knowledge  regarding  specific  heats,  thermal 
conductivities,  and  temperatures  of  fusion,  of  the  eai-th's  material. 
And  as  to  the  cloudiness  or  clearness  of  the  atmosphere,  I  say 
that  the  secular  cooling  of  the  eai-th  is  not  affected  by  it.     The 

1  Does  this  imply  internal  fluidity  ?  If  so,  it  is  to  be  rejected,  "  rrodigious  " 
seems  too  strong  a  word  for  any  temperature  below  the  melting  point  of  the 
material. 

2  By  no  means  so :  but,  on  the  contrary,  an  essential  part  of  tlie  lieat  emitted 
by  the  comi)Oi4ite  mass  in  cooling. 
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one  question  relevant  to  atmospheric  effect  on  tlie  secular  cooling 
of  tlie  earth  is.  what  has  been  the  resulting  temperature  of  the 
upper  surface  of  land  and  sea  1  My  calculations  depend  only  on 
the  assumption  that  through  geological  history  this  temperature 
has  been  suitable  for  such  life  as  now  exists  on  the  earth. 

21.  Criticising  the  calculations  I  had  adduced  regarding  the 
earth's  rotation,  Professor  Huxley  makes  the  following  remarks, 
wdiich  have  equal  bearing  upon  those  regarding  the  sun's  heat  and 
.light  and  the  earth's  interior  temperature:  "  I  desire  to  point  out 

"  that  this  seems  to  be  one  of  the  many  cases  in  which  the  admit- 
"  ted  accuracy  of  mathematical  processes  is  allowed  to  throw  a 
"  wholly  inadmissible  appearance  of  authority  over  the  results 
"  obtained  by  them.  Mathematics  may  be  compared  to  a  mill  of 
"  exquisite  workmanship  which  grinds  you  stuff  of  any  degree  of 
"fineness;  but,  nevertheless,  what  you  get  out  dejiends  on  what 
'*you  put  in;  and  as  the  grandest  mill  in  the  world  will  not 
"  extract  wheat  flour  from  peascods,  so  pages  of  formulae  will  not 
"get  a  definite  result  out  of  loose  data."  To  the  second  of  these 
sentences  I  assent,  but  certainly  not  to  the  first.  I  have  not  pre- 
sented definite  results;  I  have  amjDly  indicated  how  "loose"  my  data 
are;  and  I  have  taken  care  to  make  my  results  looser.  Professor 
Huxley  himself  in  other  parts  of  his  address  has  comiilained  of 
their  vagueness  "  as  greatly  embarassing  the  discussion."  If  I  had 
presumed  to  limit  the  past  duration  of  life  on  the  earth  to  one 
million  years,  or  to  ten  million  years,  by  calculations,  founded  on 
such  data  as  I  have  used,  so  ill  drawn  an  inference  could  scarcely 
"embarass"  those  wdio  are  still  disposed  to  trust  to  "a  practically 
"  unlimited  bank  of  time  ready  to  discount  any  amount  of  hypo- 
"  thetical  paper."  But  it  is  obvious  that  they  must  be  seriously 
embarassed  by  even  a  superior  limit  of  four  hundred  million  years : 
especially  when  the  declaration  of  it  is  coupled  with  the  assertion 
of  a  very  strong  'probability)  that  "  all  geological  history  showing 
"  continuity  of  life,"  is  in  reality  to  be  condensed  into  a  period  not 
exceeding  o?ze  hundred  million  years. 

22.  Before  concluding,  I  may  be  permitted  to  make  a  few 
remarks  on  the  practical  bearing  of  the  limitations  which  I  have 
adduced  upon  some  points  of  geological  theory,  which,  when  the 
boundary  between  mineralogy  and  geology  is  once  passed,  cannot 
be  evaded  even  by  those  most  averse  to  speculation. 

23.  Fourier's  theory  of  the  conduction  of  heat  renders  it  almost 
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impossible  to  escape  tlie  conclusion,  that  if  the  earth  has  been  solid 
and  habitable  continuously  during  the  last  50  million  yeare,  its  rate 
of  increase  of  underground  temperature  per  metre  dowii wards  must 
have  been  very  sensibly  more  rapid  50  million  years  ago  than  now. 
The  more  recently  discovered  laws  of  thermodynamics  render  it 
certain  that  the  sun  must  have  been  something  very  different  50 
million  years  ago  from  what  he  is  now;  and  almost  certain  that 
he  must  have  been  then  very  much  hotter.  And  we  find  Sir 
Roderick  Murchison^  writing  as  follows,  on  purely  stratigraphical 
grounds: — *'  I  could  here  cite  the  works  of  many  eminent  writers 
"for  numerous  evidences  of  the  grander  intensity  of  causation  in 
"former  epochs,  by  which  gigantic  stratified  nicisses  were  some- 
"  times  inverted,  or  so  wrenched,  broken,  and  twisted,  as  to  pass 
"  under  the  very  rocks  out  of  which  they  were  formed.  Among 
"  those  who  have  passed  away  I  may  mention  de  Saussure,  Von 
"  Buch,  Humboldt,  Cuvier,  Brongniart,  Buckland,  Conybeare, 
"  De  la  Beche,  and  W.  Hopkins.  Of  those  who  hold  the  same 
"  views,  and  are  now  living,  I  may  enumerate  Elie  de  Beaumont, 
"DArchiac,  De  Yerneuil,  Studer,  Sedgwick,  J.  Forbes,  Phillips, 
"  Dana,  Logan,  and  maiiy  others.  The  traveller  amid  the  Alj^s, 
"and  other  mountain  chains  will  there  see  clear  and  unmistakable 
"  signs  of  such  former  catastrophes,  each  of  which  resulted  from 
"  fractures  utterly  inexplicable  by  reference  to  any  of  those  puny 
"  oscillations  of  the  earth,  which  can  be  appealed  to  during  historical 
"times."  '■•'  *  *  '•'  "Again, ^  I  see  in  existing  nature  no 
"  cause  of  sufficient  intensity  to  account  for  ordinary  sediments 
"  (once  charged  with  organic  remains)  having  been  changed  into 
"crystalline  masses  occupying  whole  regions.  The  theorist  in 
"  vain  endeavours  to  explain  such  operations  l)y  processes  so  slow 
"  in  their  action,  as  to  be  almost  imperceptible.  If  it  be  argued 
"  that  the  strata  constituting  lofty  mountains  were  metamorphosed 
"  in  parts  by  such  a  slow  process,  let  any  one  who  sustains  that 
"  view  explain  how  it  is  that  every  stratum  in  a  lofty  range  of 
"  mountains,  composed  of  carbonate  of  lime,  should,  in  some  cases, 
"all  at  once  change  into  sulphate  of  lime,  and  in  others  into 
"dolomite." 

24.  Sii"  Charles  Lyell  himself  admits  a  warmer  climate  in  the 

1  "Siluria."    1807  Edition,  page  480. 
2  Ibid.     Tn^e  -195. 
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earliest  geological  periods.  Thus  considering  "a  general  ^  refri- 
"geration  of  climate;"  (from  the  more  ancient  times  understood) 
"and  several  oscillations  of  temj^erature  during  the  glacial  epoch;" 
tobej^roved  by  pala^ontological  evidence;  he  endeavours  to  explain 
those  past  changes  chiefly  if  not  solely  by  hypothetical  alterations 
in  the  distribution  of  land  and  sea  over  the  globe.  Every  reader 
of  the  "Principles  of  Geolog}-"  must  admii-e  the  ingenuity,  and 
admit  the  importance,  of  the  chapter  in  which  this  hypothesis  is  set 
forth.  But  I  earnestly  beg  Professor  Huxley,  and  those  in  whose 
name  he  speaks,  to  reconsider  their  opinion,  (§  4  above)  that  the 
secular  cooling  of  the  earth  and  of  the  sun  "  has  made  no  jDractical 
"  difference  to  the  earth  during  the  period  of  which  a  record  is 
"  preserved  "in  stratified  deposits."  There  is,  surely,  good  gi'ound 
for  Sir  Roderick  Murchison's  opinion  that  metamorphic  causes  ha\e 
been  more  active  in  ancient  times  than  at  present,  because  of  more 
rapid  augmentation  of  temperature  downwards  below  the  earth's 
surface;  and  it  cannot  be  reasonably  urged  that  a  hotter  sun  is 
not  a  probable  explanation  of  the  supposed  warmer  climate  of  the 
palaeozoic  ages. 

25.  The  "  grave  charge  of  opposition  to  the  principles  of  Katural 
"  Philosophy,"  which  Professor  Huxley  so  earnestly  repudiates, 
vras  carefully  limited  by  the  words  in  which  I  expressed  it,  to 
certain  clearly  specified  points;  and  it  was  only  because  of  the 
prominent  and  fundamental  position  given  to  those  points  in  many 
of  our  standard  works,  that  I  brought  that  charge  against  "  British 
"  Popular  Geology."  I  have  no  wish  to  press  the  charge,  merely 
for  the  sake  of  proving  myself  to  have  been  in  the  right  at  the 
time  I  made  it ;  and  if  it  rested  solely  on  the  question  of  geological 
time,  I  vrould  willingly  avoid  repeating  it.  But  in  some  of  the 
most  recent  geological  writings  of  the  highest  character  I  still 
find  the  same  tendency  to  overlook  essential  principles  of  thermo- 
dynamics, as  that  to  which  I  called  the  attention-  of  the  geological 
section  of  the  British  Association,  at  Manchester  in  1861. 

26.  In  the  last  edition  of  "The  Principles  of  Geologj^,"  1868, 
vol.  2,  page  242,  we  find  the  following  statement : — "  The  existence 
"  of  electrical  currents  in  the  earth's  crust,  and  the  changes  in 
"  direction  which  they  may  undergo  after  great  geological  revolu- 

1  Principles  of  Geologj%     Vol.  I.,  page  387-    1867  edition. 

2  In  a  communication  published  afterwards,  under  the  title,  "Secular  Cooling 
"of  the  Earth,"  in  the  Transactions  of  the  Koyal  Society  of  Edinburgh,  1862, 
and  in  Thomson  L  Tait's  Natural  Philosophy,  Appendix:  D  (1867). 
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"  tions  in  tlic  position  of  mountain  cliains,  and  of  land  and  sea,  the 
"  connection  also  of  solar  and  terrestrial  magnetism,  and  of  this 
"  last  with  electiicity  and  chemical  action,  may  help  us  to  conceive 
"  such  a  cycle  ofchaiuje  as  may  restore  to  the  planet  the  heat  supposed 
"to  be  lost  hy  radiation  into  space."  And  again,  at  page  213 — 
"  It  is  a  favourite  dogma  of  some  physicists,  that  not  only  the 
"  earth,  but  the  sun  itself,  is  continually  losing  a  portion  of  its 
"heat,  and  that,  as  there  is  no  known  source  by  which  it  can  be 
<*  restored,  we  can  foresee  the  time  when  all  life  will  cease  to  exi.st 
"  upon  this  planet ;  and,  on  the  other  hand,  we  can  look  back  to  tlie 
"jieriod  when  the  heat  was  so  intense  as  to  be  incompatible  with 
"  the  existence  of  any  organic  Ijeings  such  as  are  known  to  us  in 
"the  living  or  fossil  world." 

''When  we  consider  the  discoveries  recently  made,  of  the  con- 
"  vertibility  of  one  kind  of  force  into  another,  and  how  light,  heat, 
"magnetism,  electiicity,  and  chemical  aflinity  are  intimately 
"  connected,  we  may  well  hesitate  before  we  accept  this  theory  of 
"the  constant  diminution  from  age  to  age  of  a  great  source  of 
"dynamical  and  vital  power."  These  statements  are  directly 
opposed  to  the  general  principle  of  the  dissipation  of  energ}':  and 
the  hypothesis  which  they  suggest  is  very  inconsistent  with  our 
special  knowledge  of  the  conduction  and  radiation  of  heat,  of  thermo- 
electric currents,  of  chemical  action,  and  of  physical  astronomy. 

Kant's  hypothesis  of  the  restoration  of  a  new  chaos,  like  the  old 
one,  with  potential  energy  for  a  repetition  of  cosmogony,  described 
by  Prof  Huxley,  was  not  a  more  violent  contravention  of  thermo- 
dynamic law;  but  the  synthesis  of  its  fiillaciousness  is  more 
obvious. 

27.  Professor  Huxley's  own  statement  as  to  cabistrophism 
and  unifonnitarianism  is  open  to  the  objection  of  violating  the 
principle  of  the  conservation  of  energy.  "  CatastrophLsm  has 
"insisted  upon  the  existence  of  a  j^ractically  unlimited  bank  of 
"  force,  on  which  the  theorist  iniglit  draw ;  and  it  has  cherished 
"  the  idea  of  the  development  of  the  earth  from  a  state  in  which 
"  its  form,  and  the  forces  which  it  exerted,  were  veiy  diflereut  from 
"  those  we  now  know."      **-;?* 

"  Uniformitarianism,  on  the  other  hand,  has,  with  equal  justice, 
"  insisted  upon  a  practically  unlimited  bank  of  time,  ready  to  dis- 
"  count  any  quantity  of  hy[)othetical  paper." 

In  the  Catastrophism  of  Leibnitz,  Newton,  Sedgwick,  Phillips, 
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Hopkins,  Forbes,  Murcliisou,  and  many  other  true  geologists, 
Avliich  is  in  no  respect  different  as  a  geological  doctrine  from 
that  now  described  by  Professor  Huxley  under  the  new  name 
"evolutionism,"  there  has  been  no  "unlimited  bank  of  force."  And 
it  is  because  the  whole  amount  of  energy  existing  in  the  earth  has 
always  been  essentially  finite,  that  physical  science  supports  their 
theory,  and  rejects,  as  radically  opposed  to  the  principles  of  natural 
philosophy,  the  uniformitarianisni  described  by  Professor  Huxley  in 
the  passage  just  quoted. 

28.  Professor  Huxley  concludes  thus  :  "  My  functions,  as  your 
"  advocate,  are  at  an  end.  I  speak  with  more  than  the  sincerity  of 
"  a  mere  advocate  when  I  express  the  belief  that  the  case  against 
"  us  has  entirely  broken  down.  The  cry  for  reform,  which  has  been 
"  raised  from  without,  is  superfluous,  inasmuch  as  we  have  long  been 
"  reforming  from  witliin  w4th  all  needful  speed  ;  and  the  critical 
"examination  of  the  grounds  upon  which  the  very  grave  charge  of 
"opposition  to  the  principles  of  ISTatural  Philosophy  has  been 
"  brought  against  us,  rather  shows  that  we  have  exercised  a  wise 
"  discrimination  in  declining  to  meddle  with  our  foundations  at  the 
"  bidding  of  the  first  passer-by,  who  fancies  our  house  is  not  so  well 
"  built  as  it  might  be." 

The  quotations  which  I  have  given  above  prove  that  my  call  for 
reform  was  very  far  indeed  from  being  superfluous,  and  that  what 
Professor  Huxley  describes  as  a  "reforming  from  within,"  has 
been  for  the  last  ten  or  fifteen  years  in  the  wrong  direction,  so  far 
as  the  estimation  of  geoloojical  time  is  concerned  :  and  thev  bear 
out  my  statement,  that  modern  British  popular  geology,  "as 
'•  represented  by  a  veiy  large,  very  influential,  and  in  many  respects 
"  philosophical  and  sound  body  of  geological  investigators,  consti- 
"tuting  perhaps  a  majority  of  British  Geologists,"  is,  on  some  very 
important  points,  in  "dii^ect  opposition"  to  the  principles  of  Natural 
Philosophy,  and  of  Physical  Astronomy. 

29.  I  cannot  pass  from  Professor  Huxley's  last  sentence  without 
asking.  Who  are  the  occupants  of  "our  house,"  and  who  is  the 
"  passer-by  T  Is  geology  not  a  branch  of  physical  science  ?  Are 
investigations,  experimental  and  mathematical,  of  underground 
temperature,  not  to  be  regarded  as  an  integral  part  of  geology  1 
Are  suggestions  from  astronomy  and  thermo-dynamics,  when 
adverse  to  a  tendency  in  geological  speculation  recently  become 
extensively  popular  in  England  through  the  brilliancy  and  elo- 
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quence  of  its  cliicf  promoters,  to  be  treated  by  geologists  as  an 
invitation  to  meddle  with  their  foundations,  which  a  "wise  dis- 
crimination" declines'?  For  myself,  I  am  anxious  to  be  regarded 
by  geologists,  not  as  a  mere  passer-by,  but  as  one  constantly 
interested  in  their  grand  subject,  and  anxious,  in  any  way,  however 
slight,  to  assist  them  in  their  search  for  truth. 

Part  TT.—  On  the  Origin  and  Total  Amount  of   Plutonic 

Energy. 

30.  JJy  Plutonic  action,  I  mean  any  disturbance  of  underground 
equilibrium.  Volcanoes,  earthquakes,  and  subsidences  are  the  phen- 
omena most  commonly  understood  when  i)lutouic  activity  is  sjioken 
of.  The  store  of  energy  to  which  these  phenomena  are  due  is 
properly  called  plutonic  energy,  and  according  to  the  clear  and 
simple,  but  thoroughly  rigourous,  language  of  modern  dynamics, 
plutonic  energy  is  to  Ije  distinguished  from  plutonic  activity. 

31.  The  action  of  a  dynamical  agent  was  defined  by  Newton,  as 
something  to  be  measured  numerically,  by  the  number  measuring 
sim})le  force  or  pressure,  multiplied  into  the  number  measuring 
the  velocity  with  which  the  matter  experiencing  it  yields  in 
the  direction  of  the  force.  In  the  nineteenth  centuiy  dynamical 
vocabulary,  Newton's  "  action  of  an  agent "  is  simply  a  jyerfurin- 
iny  of  ivork,  and  we  distinguish  between  action,  or  rate  of  action, 
as  defined  by  Newton,  and  the  integral  amount  of  action  or 
integral  amount  of  work  done  after  any  ojieration  of  force  is 
completed.  Again,  in  modern  jJiysical  dynamics  we  have  learned 
that  every  performance  of  work  consists  in  merely  a  transformation 
or  intertransposition  of  materials,  or  a  stopping  of  some  motion  and 
generating  of  other  instead,  and  that  when  work  is  jierformed  in 
one  locality,  another  locality  must  on  that  account  be  left  with  so 
much  less  of  the  wherewithal  for  the  farther  performance  of 
work.  This  "wherewithal"  is  called  energy;  and  thus  the  per- 
formance of  work  is  simply  the  drawing  of  energy  from  one  store 
and  laying  it  out  elsewhere.  Any  irreversible  transformation  of 
energy  is  called  a  dissijjation  of  energy;  of  which  the  most  prominent 
examples  are  the  conduction  of  heat  from  warmer  to  colder  parts 
of  a  body,  or  of  the  matter  occupying  any  portion  of  space,  and 
the  generation  of  heat  by  friction  or  collision. 

32.  Plutonic  action  is,  therefore,  to  be  defined  as  any  tmnsfor- 
mation  of  energy  going  on  within  the  earth.     No  natural  operation 
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is   tlioronglily   reversible,    and   therefore,    every   plutonic   action 
involves  something  in  the  way  of  dissipation  of  energy.     But  the 
grand  and  awful  phenomena  of  volcanoes  and  earthquakes,  results 
of  abnormal  plutonic  activity,  give  rise  probably  to  much  less 
dissipation  of  energy,  summed  for  all  parts  of  the  earth  from  age 
to  age,  than  the  continual  silent  action  of  the  conduction  of  heat 
outwards,   the  amount   of  which  we  are  able  to  estim.ate  in  a 
thoroughly  definite  manner.     Thus  we  find  that  from  year  to  year 
the  earth,  at  the  present  time,  is  parting  with  heat  at  the  rate  of 
92   horse-power^  per  square  kilometre.^     That  is  to  say,  from  a 
square  metre  of  surface  the  loss  of  energy  is  at  an  average  rate 
of  seven  metre-tons  per  million  seconds,  or  220  metre-tons  per 
annum.     The  whole  area  of  the  earth  is  510,000,000  square  kilo- 
metres;  and  therefore   the   loss   from   the  whole  earth   is  3600 
millions  of  metre- tons  per  second,  or  112  X  10^^  metre-tons  per 
annum.     This  statement  is  not  hypothetical  in  any  respect.      But 
the  numerical  data  assumed  in  it,  being  '005  gramme-water-units 
per   centimetre   per   second  for   conductivity,  and    1^    cent,    per 
30  metres  for  the  rate  of  increase  of  underground   temperature 
downwards,  are  what  Professor  Huxley   would  justly  call  loose, 
because  we  do  not  know  the  true  average  conductivity  of  the  upper 
strata  for  the  whole  earth,  nor  the  true  average  value  of  the  rate  of 
augmentation  of  temperature  per  metre  downwards;  and  a  very 
large  margin  of  probable  error  must  be  allowed  for  any  estimate 
that  can  yet  be  made  of  the  true  rate  at  which  energy  is  being  lost 
from  the  earth.     This,  however,  does  not  at  all  afifect  the  principles 
in  illustration  of  which  I  adduce  the  numbers,  or  the  importance 
of  these  principles  for  the  success  of  geology  as  a  science. 

33.  The  store  of  energy,  transformations  of  which  constitute 
plutonic  action,  consists  certainly  at  the  present  time  in  a  great 
measure,  if  not  altogether  of  terrestrial  heat.  This  indeed  is  the 
only  description  of  energy  i-)roved  to  exist  in  any  considerable 
quantity  within  the  earth ;  but  it  is  possible  that  there  may  be  great 

1  "  Oneliorse-power"  is  a  rate  of  performing  work  equal  to  (33000  foot  pounig, 
or)  4*563  metre-tons  per  minute ;  the  French  ton  of  1000  kilogrammes  under- 
stood, being  -2842  of  the  British  ton. 

2  The  kilometre  is  •C2138  of  that  very  inconvenient  measure,  the  British 
statute  mile.  The  square  kilometi-e  is  24711  of  that,  if  possible  worse  measure, 
the  acre.  Experts  can  tell  how  many  square  yards  are  in  an  acre  ;  but  of  all  tlie 
men  in  England  accustomed  to  reckon  their  land  in  acres,  and  to  state,  or  read, 
or  hear  reckonings  of  political  statistics  in  square  miles,  very  few  could  readily 
answer  the  question,  how  many  acres  arc  there  in  a  square  mile? 
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masses  of  uncomLined  chemical*  elements,  and  that  the  potential 
energy  of  their  mutual  affinities  may  constitute  a  considerable 
portion  of  the  plutonic  energy  in  store,  whether  for  the  generation 
of  future  undergi'ound  heat,  or  for  immediate  application  to  some 
of  the  more  violent  manifestations  of  plutonic  activity.  Now,  there 
are  two  ways  of  estimating  the  possiljle  total  amount  of  plutonic 
energy;  one  by  taking  the  earth  as  it  is,  and  not  reasoning  from 
antecedent  conditions,  but  simply  estimating  from  known  pn  per- 
ties  of  matter;  how  mucli  heat  it  is  conceivable  may  exist  in  It  in 
its  present  condition;  the  other  by  tracing  the  history  of  the  earth 
backwards. 

34.  From  experiments  such  as  have  not  yet  been  made,  Ijut 
could  be  made  with  very  great  ease,  on  the  total  heats  of  fusion  of 
ordinary  rocks  and  metals,^  we  shall  probably  soon  be  able  to 
estimate,  without  any  very  unsatisfactory  degree  of  vagueness,  a 
limit  to  the  possible  amount  of  heat  in  the  earth.  With  a  view 
to  putting  together  the  data  required  for  this  estimate,  it  is  imjwr- 
tant  to  notice  that  we  have  strong  reason  to  believe  the  earth  is 
not  a  mere  thin  si i ell  filled  with  melted  material  of  rock  or  metal, 
or  both,  as  many  French  and  a  few  English  geologists  assume  it  to 
be;  but  is  solid  from  surface  to  centre  with  the  exception  of  com- 
paratively small  spaces  still  occupied  by  fluid  lava,  or  subjected 
occasionally  to  melting  in  volcanic  action.^  Wo  may  therefore 
say  it  is  not  at  all  probable  that  there  is  now  within  the  earth 
a  hundred  times  as  much  heat  as  that  which  would  raise  a  quantity 
of  average  surface  rock  equal  in  mass  to  the  whole  earth,  from 
zero  to  200"  cent.,  since  this  would  be  certainly  many  times  more 
than  enough  to  melt  that  amount  of  any  kind  of  surface  rock 
under  any  moderate  pressui'e.  But  merely  from  consideration  of 
thermal  capacities,  and  possible  temperatures  of  the  earth  at  great 
depths,  we  are  not  at  present  able  to  make  any  much  less  vague 
estimate  than  that,  of  the  possible  total  amount  of  heat. 

35.  Inasmuch  as  energy  is  being  continually  lost  from  the 
earth  by  conduction  through  the  uj)per  strata,  the  whole  quantity 
of  plutonic  energy  must  have  been  gi'cater  in  past  times  than  at 
present,  and  the  question  forces  itself  upon  us,  how  was  it  fii-st 

1  A  very  simple  plan  would  be  to  pour  small  quantities  of  melted  rock  into 
hollows  in  blocks  of  cast  iron,  massive  enough  not  to  rise  more  than  a  few 
degrees  of  temperature  by  the  communication  of  heat  from  the  melted  rocks. 

2  "Rigidity  of  the  earth,"  CSV.  Thomson)  Trans.  li.  S.,  1802;  and  Thomson  & 
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acquired  1  As  the  eartli,  being  finite,  can  not  ever  have  had  an 
infinite  store  of  energy  ^vithin  it,  there  must  have  been  a  time 
when  it  was  not  a  warm  body,  parting  with  energy,  as  it  is  now. 
If  the  matter  of  the  earth  existed  before  that  time,  it  must  have  been 
under  conditions  which  led  to  its  being  warm,  and  to  its  com- 
mencing to  part  with  energy.  It  may  have  gained  its  heat  by 
communication  from  other  matter,  or  by  work  performed  upon  it 
by  matter  not  now  formuig  part  of  itself.  But  the  only  probable 
hypothesis  is,  that  it  has  become  warm  by  the  conversion  of  mutual 
potential  energy,  whether  of  gravitational,  or  gravitational  and 
chemical,  attraction  between  its  parts,  into  heat. 

36.  It  may  be  said,  why  not  admit  previous  kinetic  energy 
without  limit,  as  we  have  no  reason  to  believe  that  the  ante- 
cedent condition  of  the  matter  now  constituting  the  earth  was  a 
condition  of  rest  rather  than  a  condition  of  motion?  I  answ^er  that 
we  know  nothing  of  absolute  motion  or  rest  in  the  universe,  and 
that  any  great  degree  of  relative  motion  of  different  portions  of 
matter  through  space,  renders  the  chances  of  their  hitting  one 
another  very  small.  I  therefore  say  it  is  not  probable  that  the 
portions  of  matter  now  constituting  the  earth  bad  in  their  ante- 
cedent condition  any  great  amount  of  relative  motion ;  and  it  is 
probable  that  the  kinetic  energy  which  was  converted  into  heat  in 
their  coalition  was  the  equivalent  of  kinetic  energy  acquired  by 
mutual  gravitation.  It  seems,  indeed,  that  Kant's  "  attempt  to 
"account  for  the  constitution  and  mechanical  origin  of  the 
"universe,  on  Newtonian  principles,"  only  wanted  the  knowledge 
of  thermo-dynamics,  which  the  subsequent  experiments  of  Davy, 
Rumford,  and  Joule  sujoplied,  to  lead  to  a  thoroughly  definite 
explanation  of  all  that  is  kno^n  regarding  the  present  actions  and 
temperatures  of  the  earth,  and  of  the  sun,  and  other  heavenly 
bodies.  And  if  Carnot's  theory  had  been  before  him,  he  assuredly 
would  not  have  forestalled  Hutton  in  the  chimera  of  "a  reproduc- 
"  tive  operation,  by  which  a  ruined  constitution  may  be  repaired."^ 
37.  Now  the  whole  amount  of  potential  energy  exhausted  in 
the  coming  together  of  the  earth's  materials,  from  infinite  mutual 
distances  (that  is  to  say,  from  distances  many  times  greater  than  the 
present  diameter  of  the  earth)  to  their  present  relative  positions,  is 
easily  estimated  with  great  accm-acy  with  the  knowledge  we  possess 

1  See  the  account  of  Kant's  Cosmogony  given  by  Professor  Huxley,  in  bis 
"Address"  of  Feb.  19,  1869,  to  the  London  Geological  Society. 
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of  the  earth's  avenige  density.  If  the  density  were  uniform  from 
surface  to  centre,  the  amount  of  potential  energy  in  question  wouhl 
be  equal  to  the  work  required  to  lift  a  body  equal  to  -J  of  the 
earth's  mass  from  the  present  surface  to  an  infinite  distance.  But 
observation  proves  the  mean  density  of  the  earth  to  be  5-5,  whicli 
is  about  twice  tlie  average;  surface  density;  and  if  we  use  Laplace's 
probable  law  of  interior  density/  we  find  more  exhaustion  of 
energy  in  coalition,  by  about  10  per  cent.,  than  if  the  density  were 
uniform,  the  result  for  the  whole  being,  as  nearly  as  may  be,  a  mass 
equal  to  Cj  of  tlie  earth's,  raised  fr<jm  the  surface  to  an  infinite 
distance.  This  second  estimate  we  may  adopt  with  great  confi- 
dence, as  probably  very  close  to  the  truth,  considering  how  little 
it  dillers  from  the  first.  Now,  the  work  required  to  lift  a  mass 
from  the  earth's  surface  to  an  infinite  distance,  against  the  diminish- 
ing force  of  gravity,  is  the  same  as  t^hat  which  would  be  required 
to  lift  an  equal  mass  through  a  space  equal  to  the  eai-th's  radius, 
against  a  force  everywhere  equal  to  the  actual  force  of  gravity  at 
the  surface.  Hence,  as  the  earth's  radius  is  6370  kilometres,  the 
whole  amount  of  potential  energy  exhausted  in  the  coalition  of  its 
parts  amounts  to  |x  6370000  or  4250000  metre-tons  per  ton  of 
its  whole  mass :  the  metre-ton  (an  oidinary  gravitation  unit  of 
work)  being  the  amount  of  work  required  to  overcome,  through  a 
space  of  one  metre,  a  force  equal  to  the  weight  of  a  ton  at  the 
earth's  surface ;  the  difterence  of  the  force  of  gravity  at  different 
parts  of  tlic  earth's  surface  neglected.  But  unless,  which  is  very 
improbable,  the  conglomeration  took  place  quite  suddenly  l^y  the 
simultaneous  collision  of  materials  falling  in  from  all  sides,  a  large 
part  of  this  energy  must  have  been  dissipated  away  by  radiation 
of  heat  consequent  on  partial  collisions.  We  must  therefore  look 
on  the  definite  estimate  4250000  metre-tons  per  ton  of  the  earth's 
mass,  whicli  expresses  somewhat  accurately  the  whole  potential 
energy  exhausted  during  the  conglomeration,  as  being  consider- 
ably above  the  greatest  amount  of  plutonic  energy  due  to  gravi- 
tation, that  can  ever  have  existed  in  the  earth  at  any  one  time. 

38.  To  estimate  the  potential  energy  of  chemical  affinity  already 
exhausted,  or  yet  to  be  exhausted,  by  the  combination  of  the 
materials  constituting  the  earth,  we  may  remark  fii*st,  that  the 
upper  cnist  consists  chiefly  of  metallic  oxides,  but  contains  also  a 
large  quantity  of  carbonic  acid  and  water.  Now  we  have  the 
1  Thomson  and  Tait.    §  824. 
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following  results,  from  two  very  accurate  observers,  regarding 
heat  of  combination — reduced  so  as  to  sliow  the  amoimt  of  heat 
generated  per  unit  mass  of  the  compound  substance  formed: — 

Heat  of  combination  of  various  Elements  with  Oxygen. 


Substance. 

Product. 

-1 

Quantity 

of 
Oxygen. 

Units  of 

Heat 
Evolved. 

Observer. 

Potassium, 
Iron,    -     - 
Carbon,     - 
Hych-ogen, 
Zinc,    -     - 
Tin,      -     - 
Copper,     - 

K   0 

Fe3  0, 
C    0^^ 
H,  0 
ZnO 
Sn  O2 
CnO 

3  0 

21 

3 
XT 

1 

■y 

fi  5-2 

8T-2 

lis 

150 

127 
1  5  U 

10 
6-5" 

8 

A 

8 

y 

^:^ 

3  2 
150 
3  2 

TTy- 

1682 

1141 
2155 
3756 
1045 

969 

481 

Joule. 
Andrews. 

Do. 

Do. 

Do. 

Do. 

Do. 

These  numbers  make  it,  I  think,  very  certain  that  the  heat  of 
combination  per  ton  of  the  average  materials  of  the  earth  would  be 
over-estimated  at  3000  units  centigrade — that  is,  3000  times  the 
quantity  of  heat  required  to  raise  the  temperature  of  a  ton  of  water 
by  1°  cent.,  or,  according  to  Joule's  equivalent,  1,270,000  metre-tons 
of  enei'gy. 

39.  The  number  4,250,000  previously  found  (§  37)  for  the 
amount  of  potential  energy  of  gravitation  exhausted  in  the  coali 
tion  of  the  earth's  mass,  is  3|-  times  this  estimate  of  the  potential 
energy  of  the  chemical  affinity  of  its  elements.  The  whole  amount 
of  energy  due  to  the  two  causes  together  is  about  5J  million 
metre-tons,  or  13,000  thermal  units  centigrade,  per  ton  of  the 
earth's  mass.  This,  being  about  700  times  as  much  heat  as  would 
raise  the  temperature  of  an  equal  mass  of  surface  rock  from  0°  to 
100^  cent,,  is  three  and  a-half  times  the  amount  stated  in  §  34, 
as  an  over-estimate  of  the  whole  amount  of  heat  at  present 
in  the  earth.  But  considering,  as  in  §  37,  how  much  heat 
must  have  been  dissipated  during  the  conglomeration  of  the 
materials  which  now  constitute  the  earth,  we  are  rather  compelled 
to  contract  than  permitted  to  enlarge  our  ideas  of  the  possible 
total  of  plutonic  energy  at  present  in  the  earth,  by  tracing  its 
history  backwards  to  its  probable  origin. 
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Part  III. — Note  on  the  Meteoric  Theory  of  the  Sun's  Heat. 

(From  Report  of  Meeting  of  the  GLisgow  Philusophical  Society's  Meeting  of 
M:irch21,  1SG9.) 

40.  Sir  Wm.  Thomson,  in  reply  to  a  question  from  the  President, 
Dr.  Bryce,  said  that  his  contribution  to  the  meteoric  tlieory  of 
sohxr  heat  had  been  to  point  out  that  the  meteoric  supply  could 
not  be  perennial.  In  liis  paper  "On  the  Mechanical  Energies  of 
the  Solar  System"  (Transactions  of  the  Royal  Society  of  Edin- 
burgh, April,  1854,)  he  had  shown  that  meteors  falling  from 
extra-planetary  space  in  sufficient  abundance  to  generate  the 
heat  emitted  from  the  sun  for  the  last  2000  years,  must,  by  the 
augmentation  they  must  have  brought  to  the  central  mass,  hare 
caused  a  gi'adual  shortening  of  the  year  of  which  the  accumulated 
effect  during  that  i)criod  must  have  dislocated  the  seasons  to  the 
extent  of  a  month  and  a  half.  But  observation  proves  that  there 
has  been  a  dislocation  of  the  seasons  only  to  the  extent  of  aljout  an 
hour  and  thvee-cpiarters,  since  a  certain  eclipse  of  the  moon  was  seen 
on  March  19th,  721  B.C.,  in  Babylon.  It  is  quite  certain,  therefore, 
that  meteoric  supply  for  sun  heat  has  not  within  historical  periods 
come  from  distant  space  outside  the  earth's  orbit.     He  therefore 

found  it  necessary  to  modify  the  meteoric  hyjiothesis  of  sun  heat 

a  hypothesis  which  he  had  learned  from  a  communication  by  ]\Ir. 
Waterston  to  the  British  Association  at  Hull  in  1853,  but  which  he 
has  since  found  had  been  previously  proposed  by  Mayer.    If  it  is  true 
that  the  heat  emitted  by  the  sun  is  compensated  from  year  to  year  by 
meteors,  he  proved  that  instead  of  a  certain  quantity  of  meteors  fall- 
ing in  a  certain  time  from  distant  extra-planetary  space,  as  supposed 
by  Mayer  and  Waterston,  a  double  quantity  in  the  same  time  must 
fall  from  orbits  inside  that  of  Mercury.     But  at  the  same  time  he 
pointed  out  that  observation  and  dj^iamical  theory  of  the  motions 
of  the  planets  must  be  had  recourse  to,  to  test  whether  or  not  there 
can  be  a  sufficient  amount  of  matter  circulating  as  meteors  inside 
the  orbit  of  Mercury  to  provide  sun-heat  for  a  few  hundred  years 
to  come.     Since   that   time    Leverrier's  fine   researches   on   the 
motions  of  the  planet  Mercury  give  evidence  of  matter  circulatiu'^- 
as  a  great  number  of  small  planets  within  his  orbit  round  the  sun. 
But  the  amount  of  matter  thus  indicated  is  very  small,  probably  not 
enough   for  a  few  hundred  years'  heat.     It  is  therefore  highly 
improbable  that  the  heat  of  the  sun  depends  at  all  for  its  continua- 
tion upon  a  continued  meteoric  sui)ply.      [n  the  present  state  of 
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science  wliat  appears  most  probable  is  Helmholtz's  view,  that  the 
Sim  originally  acquired  his  heat  in  being  built  up  out  of  smaller 
masses  falling  together  and  generating  heat  by  tlieir  collision,  but 
that  at  present  he  is  simply  an  incandescent  mass  cooling.  In  an 
article  in  JIaanillcm's  Jlagazine,  March,  18G2,  "On  the  Age  of  the 
Sun's  Heat,"  he  (Sii-  W,  Thomson)  liad  shown  that  the  sun  may 
have  been  several  million  future  years  giving  out  heat  and  light 
from  the  vast  initial  su^^ply  generated  in  that  manner;  but  that,  with- 
out suj^posing  the  sun  to  be  a  miraculous  body,  continually  viola- 
ting the  laws  of  matter,  we  cannot  believe  that  from  first  to  last 
he  could  illuminate  the  earth  for  several  times  one  hundred  million 
years,  if  even  for  so  long  a  period  as  that.  Since  he  had  been  asked 
to  explain  his  views  regarding  the  theory  of  sun  heat,  he  took  the 
oj^portunity  of  adverting  to  a  statement  which  Professor  Huxley 
had  recently  made  in  his  inaugural  address  to  the  Geological  Society 
of  London,  to  the  eifect  that  he  (Sir  W.  Thomson)  had  only  15  years 
ao'o  entertained  a  view  of  the  orio-in  of  the  sun's  heat  which 
would  have  "suited  Hutton  perfectly,"  inasmuch  as,  according 
to  that  view,  the  energy  radiating  from  year  to  year  is  sup- 
plied from  year  to  year.  But  Professor  Huxley  had  not  noticed 
that  tlie  very  limited  supply  wliich  could  possibly  exist  in  store, 
according  to  that  view,  could  not  upon  any  estimate  amount 
to  three  hundred  thousand  years'  expenditure,  at  present  rate 
even  without  taking  into  account  the  astronomical  observations 
published  since  1854.  And,  in  fact,  no  view  except  Hegel's 
— "the  motion  of  the  heavenly  bodies  is  not  a  being  pulled 
"this  way  and  that,  as  is  imagined  (by  the  Newtonians);  they  go 
"along,  as  the  ancients  said,  like  blessed  gods," — could  satisfy  a 
"thorough-going  Huttonian  uniformitarian,"  or  could  fulfil  the 
conditions  imagined  by  Lyell  as  a  foundation  for  a  theory  of 
under-ground  heat.  As  to  the  sun,  we  can  now  go  both  backwards 
and  forwards  in  his  history,  upon  the  principles  of  Newton  and 
Joule.  A  large  proportion  of  British  j^ojjular  geologists  of  the 
present  day  have  been  longer  contented  than  other  scientific  men, 
to  look  upon  the  sun  as  Fontenelle's  roses  looked  upon  their 
gardener.^  "Our  gardener,"  say  they,  "must  be  a  very  old  man  : 
"within  the  memory  of  roses  he  is  the  same  as  he  has  always  been; 
"it  is  impossible  he  can  ever  die,  or  be  other  than  he  is." 

1  Kant's  "Physische  Geogi-apliie"  (Collected  ^Vorks,  vol.  vL,  Leipzig  1839.) 
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XIV.  On  the  Action  0/ Organic  Matter  on  Peroxide  o/Iron, 
as  observed  in  the  Post-Tertiary  Sands  of  Glasgow. 
By  J.  Wallace  Young. 

(Read,  April  1,  1S09.) 

Having  visited,  last  summer,  the  excavations  at  Stobcross  for  tlie 
New  Docks,  I  made  a  few  observations  which  may  be  interesting 
to  those  who  study  chemical  geology. 

Underneath  a  few  feet  of  ordinary  brown  river  sand,  contiiining 
hazel  nuts,  and  fragments  of  decayed  wood,  a  dark-coloured  bed  of 
sand,  charged  with  vegetable  matter,  occurs. 

This  dark-coloured  sand  had  a  disagreeable  smell,  gave  no 
efiei-vescence  witli  hydrochloric  acid,  but  on  gently  heating,  the 
odour  of  sulphuretted  liydrogen  was  at  once  perceptible.  The 
acid  solution  contained  2)rotoxide  of  iron,  alumina,  a  little  lime, 
and  a  considerable  quantity  of  magnesia.  The  iron  existed  as 
mono-sulphide.  When  treated  with  water,  the  sand  gave  up  a 
little  sulphate  of  lime. 

The  sulphuric  acid,  and  the  sulphur  existing  as  sulphide  of  iron 
were  estimated  in  a  portion  of  the  sand  previously  dried  at  100°  c. 

SiUphuric  Acid, '10  p.c. 

Sulphur, 1-49. 

The  sulphuric  acid  would  be  equal  to  -21  p.c.  of  sulphate  of  lime 
(Ca"  SO 4  2Aq.)  and  the  sulphur  equal  to  4"09  p.c.  of  the  mono- 
sulphide  of  iron  (Fe  S.) 

Some  of  the  twigs  freed  from  extraneous  matter  by  washing,  left 
a  residue  of  peroxide  of  iron  when  burned,  the  iron  existing 
originally  as  sulphide. 

Two  oak  trees  which  had  been  turned  up  by  the  workmen,  were 
quite  black  exteriorly,  and  had  an  intensely  styptic  taste.  A 
portion  boiled  with  water,  gave  a  solution  very  acid  to  test  paper, 
and  containing  free  sulphuric  acid  and  sul})hate  of  iron. 

The  sulphate  of  iron  and  sulphuric  acid  were  probably  derived 
from  the  oxidation  of  the  sulphide  of  iron  with  which  the  wood  had 
been  originally  charged.  It  would  have  been  interesting  to  have 
examined  the  interior  of  these  trees,  but  on  a  subsequent  visit  it 
was  found  that  they  had  l)een  removed. 

Dried  at  100°  c.  the  oakwood  left  6-04  p.c.  of  ash  containing  3-00 
of  peroxide  of  iron. 
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The  presence  of  sulphide  of  iron  in  the  sand  and  vegetable 
debris,  may  be  explained  by  the  reducing  action  of  decaying  organic 
matter  on  peroxide  of  iron  and  sulphate  of  lime.  Carbonate  of  iron 
and  sulphide  of  calcium  would  be  first  formed,  and  then  immediately 
decomposed  into  sulphide  of  iron  and  carbonate  of  lime. 

In  tlie  brown  sand  situated  above  the  dark  coloured  layer,  the 
remains  of  the  hazel  nuts  and  drift  wood  are  often  surrounded 
with  much  peroxide  of  iron.  In  all  these  cases  the  vegetable 
matter  had  completely  decayed  away,  leaving  only  an  external  cast 
in  the  sand.  In  some  cases  the  sand  was  so  firmly  cemented 
around  the  fragments  of  driftwood,  with  peroxide  of  iron,  that  they 
preserved  their  form  after  the  decay  of  the  wood,  and  it  was 
curious  to  observe  these  empty  tubes  sticking  out  from  the  face  of 
the  cutting.  One  of  these  sand-tubes  I  obtained,  measured  about 
9  inches  in  length,  If  inches  in  diameter,  and  about  -J  of  an  inch 
thick.  They  all  lie  horizontally  in  the  sand,  and  the  smaller  ones 
are  very  frequent.  In  many  of  these  tubes  I  estimated  the 
peroxide  of  iron,  and  it  varied  from  23  to  30  p.  c,  specimens  dried 
previously  at  100^  c.  The  origin  of  these  tvibes  is  by  no  means 
very  clear;  they  certainly  have  not  been  formed  by  segregation  from 
the  surrounding  matrix.  They  must  have  been  formed  before  the 
driftwood  had  lost  its  original  shape,  and  appear  to  be  due  to  some 
local  causes,  as  at  other  parts  of  the  cutting,  fragments  of  wood  and 
hazel  nuts  perfectly  well  preserved,  are  found.  Further  researches, 
however,  will  clear  up  this  and  other  doubtful  points.  I  may  here 
refer  to  specimens  of  these  sand-tubes  exhibited  this  session  by 
Mr.  John  Donald  Campbell,  from  Loch  Melfort,  Argyleshire.^ 
They  seem  to  occur  in  a  deposit  of  a  similar  nature  to  that  at 
Stobcross,  and  consist  of  sand  cemented  together  around  what  have 
been  originally  fragments  of  wood.  A  specimen  gave  25*36  p.c. 
peroxide  of  ii'on.  Here,  as  at  Stobcross,  in  the  same  section,  frag- 
ments of  wood  and  hazel  nuts  are  found  in  good  preservation. 

In  the  face  of  the  cutting,  at  Stobcross,  large  holes  have  been 
frequently  observed,  the  surrounding  sand  being  considerably 
hardened  by  peroxide  of  iron.  These  were  found  to  be  due  to 
driftwood,  which  had  subsequently  decayed,  the  sand  being 
hardened  sufiiciently  to  retain  the  original  form.  One  large  hole,  9 
inches  in  diameter,  was  observed,  with  the  remains  of  the  decayed 
wood  lying  at  the  bottom.  The  wood  was  very  soft,  and,  rubbed 
1  Proceedings,  otli  November,  1868. 
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to  a  pasto  between  tlie  fingers,  on  drying  and  burning,  a  reddisli 
ash  was  left.  Dried  at  100^'  c.  tlie  wood  contained  5*30  p.c.  of 
iron  (Fe)  wliicli  existed  partly  as  protoxide  and  pai-tly  as  peroxide. 
These  holes  were  quite  different  from  the  sanfl-tubes,  altliough  both 
have  been  caused  by  the  driftwood.  In  the  one  case  we  have  thin 
tubes  from  J  to  l  inch  thick  formed,  the  sand  surrounding  these 
containmg  no  great  quantity  of  iron,  and  being  all  of  a  uniform 
tint  throughout.  In  the  other  case  the  sand  for  several  feet 
around  has  been  simply  hardened  sufficiently  by  peroxide  of  ii'on 
to  preserve  the  form  of  a  cavity  after  the  decay  of  the  driftwood. 
In  the  post-tertiary  clays,  in  many  parts  around  Glasgow,  certain 
tubular  concretions  concentrically  disposed  around  roots  and  twigs, 
are  frequently  observed.  These  were  found  to  consist  of  clay  and 
sand  cemented  together  by  peroxide  of  iron.  Specimens  of  them 
were  fii*st  given  me  a  considerable  time  since  by  Mr.  Bennie ;  two 
varieties  gave  respectively  25-14  and  29-97  p.c.  of  peroxide  of  iron. 
Tliese  tubular  concretions  have  generally  been  considered  to  have 
been  formed  by  a  species  of  segregation,  but  having  had  an 
opportimity  of  examining  into  this  subject  more  minutely,  I  have 
been  led  to  attribute  them  to  a  different  cause. 

In  a  cutting,  recently  made  for  a  common  sewer,  in  Springfield 
Koad,  Dalmarnock,  the  workmen  passed  through  about  IJ  feet  of 
road  metal,  then  5  feet  of  brown  sandy  clay,  in  which  the  iron 
existed  as  peroxide;  undei-neath  was  about  2  feet  of  fine  blueish 
grey  clay,  the  iron  existing  as  protoxide;  then  a  bed  of  sand  and 
gi'avel;  and  underneath  that  again,  at  about  11 J  feet  down,  was  stiff 
brown  clay.  In  the  upper  bed  of  brown  sandy  clay  the  tubular 
concretions  I  have  spoken  of,  are  found  in  great  abundance;. 
Vegetable  twigs,  ikc, appear  to  have  become  mixed  with  the  sand  and 
clay,  and  after  becoming  firm  and  compact,  the  vegetable  tissue  has 
decayed  away,  leaving  small  holes,  through  which  water  has  carried 
down  iron  in  some  form  or  another,  and  gradually  cemented  together 
the  surrounding  clay  and  sand.  On  breaking  ojjen  pieces  of  the 
brown  clay,  I  have  seen  them  perfectly  crowded  with  lioles,  some 
merely  surrounded  with  a  stain  of  peroxide  of  iron,  and,  in  all 
stages,  up  to  the  j^erfect  tubes.  The  iron  in  the  surroimding  clay 
•appears  to  bo  equally  distributed  throughout,  and  there  can  be 
little  doubt  that  the  excess  of  iron  oxide  has  ccnio  from  some 
extraneous  source,  and  lias  not  been  segregated  from  the  surroun.l- 
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I  have  estimated  tlie  iron  in  the  tubular  concretions  found  in 
tins  cutting,  and  also  in  the  surrounding  clay.  Specimens  dried 
at  100^  c. 

Peroxide  of  Iron  p.c. 

In  concretions, 29  "IS. 

Intheclay, 2-14. 

Some  parts  of  the  clay  were  highly  charged  with  vegetable  debris, 
and  in  this  mono-sulphide  of  iron  was  found.  Some  of  the  drift- 
wood, which  was  very  plentiful,  was  of  a  black  colour,  which  was 
due  likewise  to  the  sulphide.  Dilute  hydrochloric  acid  discharged 
the  black  colour,  sulphuretted  hydi'ogen  being  disengaged,  and  a 
protosalt  of  iron  formed  in  the  liquid.  A  portion  of  this  wood 
dried  at  100^  c.  gave  8-64  p.c.  of  iron  (Fe).,  2-95  p.c.  of  sulphur,  or 
mono-sulphide  of  iron  8-11  p.c,  excess  of  iron  combined  in  some 
other  form  3-8  grs.  Another  piece  gave  12*75  p.c.  of  iron  (Fe). 
When  exposed  to  the  air  in  the  moist  state  sulphate  of  iron  was 
formed,  and  could  be  extracted  by  water.  On  cutting  some  pieces 
of  this  driftwood  with  a  penknife,  the  blade  came  frequently  against 
some  gritty  substance,  running  parallel  with,  and  embedded 
amongst  the  tissue.  On  separating  a  portion  of  this,  it  was  found 
to  be  iron  pyrites  (Fe  So).  We  have  thus  present,  in  this  drift- 
wood, two  sulphides  of  iron,  the  one  decomposed  by  very  dilute 
hydi'ochloric  acid,  the  other  quite  unacted  on. 


XY.    On  the  Arran  Claystones.     By  Rev.  John  F.  Potts,  B.A. 

(Read  November  5,  1S6S.) 

The  rocks  which  are  the  subject  of  this  paper  are  not  all  of  them 
strictly  claystones.  That  term  is  restricted  by  mineralogists  to 
the  softer  varieties  of  felspathic  rocks;  but  as  it  is  impossible  to 
draw  any  line  of  demarcation  between  these  softer  varieties,  and 
many  other  closely  related  rocks,  and  as  such  a  line  of  demarcation, 
if  draw^i,  w^ould  be  of  no  avail  towards  our  present  object,  but 
would  rather  be  a  stumbling  block  and  a  hindrance,  I  have  taken 
the  liberty  of  refen-ing  to  all  that  ever- varying  group  of  the  An^an 
rocks,  of  which  the  base  is  a  felspathic  paste,  under  the  familiar 
Saxon  term  which  stands  at  the  head  of  this  paper.  Not  that 
there  is  any  connection  existing  between  these  rocks  and  the 
substance  familiarly  known  as  cla^/;  for  like  many  other  terms  in 
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common  nso  among  geologists,  the  relationsliip  between  the  name 
given,  and  the  object  referred  to,  is  not  in  tliLs  case  the  obvious 
one;  but  because  the  simplest  kind  of  rock  belonging  to  this  wIidIo 
series  goes  by  that  name.  Mineralogically,  claystone  is  a  compound 
of  quartz  and  f('lsj)ar,  and  is  chemically  composed  of  silex,  alumina, 
and  potash — silex,  of  course,  greatly  predominating  over  the  other 
two  substances,  and  alumina  prevailing  over  potash  in  the  propor- 
tion of  about  2  to  1.  The  quartz  in  these  claystones  stands  in 
various  relations  to  the  felspar;  sometimes  they  are  both  thoroughly 
mingled  together  into  a  felspathic  paste,  and  then  we  have  a  rock 
which  is  called  claystone  proper,  clinkstone,  indurated  claystone, 
or  compact  felspar,  according  to  its  degi-ee  of  hardness;  at  other 
times  the  quartz  is  partially  crystallized  out  into  bead-like  con- 
cretions dispersed  through  a  felspathic  paste,  in  which  case  we 
get  a  quartziferous  claystone ;  frequently  a  i)ortion  of  the  felspar 
assumes  the  crystalline  form,  producing  felspar-poii)liyry,  and 
lastly,  both  minerals  are  partially  crystallized,  and  give  bii-th  to 
a  rock  which  is  dignified  with  the  title  of  quartziferous  felspar- 
porphyry;  a  rock,  by  the  way,  which  seems  to  claim  no  distant 
relationship  to  gi*anite.  But,  however  interesting  the  above 
distinctions  among  the  felspathic  rocks  of  Arrau  may  be  to  the 
specimen  collector,  they  are  referred  to  now  only  that  the  funda- 
mental identity  of  the  whole  series  may  be  recognised,  and  that 
the  barriers  of  what  would  be  to  us  at  the  present  time  a  useless 
classification,  may  be  thrown  down  fiom  the  path  of  our  present 
investigation. 

With  regard  to  the- origin  of  the  Arran  claystones,  the  widest 
difference  of  opinion  possiljle  has  prevailed  among  geologists.  A 
remark  of  Dr.  Bryce,  in  i^.  G5  of  his  work  on  AiTan,  may  serve  to 
illustrate  one  extreme  of  this  range  of  opinion.  Speaking  of  a 
claystone  on  the  Corriegills  shore,  he  says,  "The  case  is  strongly  in 
favour  of  the  \T.ew  often  advanced,  that  the  Arran  claystones  are 
merely  metamorphic  sandstones."  According  to  this  view  the 
rocks  we  are  considering  are  to  be  regarded  as  of  sedimentaiy 
origin,  but  Maccnlloch,  and  other  eminent  authorities,  maintain 
them  to  be  igneous  rocks.  Nor  is  this  difference  of  opinion  to  be 
wondered  at,  for  thei'o  is  abundant  evidence  in  Arran  to  support 
either  hy]iothesis,.and  the  truth  can  only  be  determined  by  a  close 
investigation  of  the  whole  area  of  the  subject.  Judging  from  my 
own  experience  among  this  very  interesting  gi-oup  of  the  Ai-ran 
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rocks,  I  should  say  that  a  geologist  to  whom  the  subject  was  new 
would  change  his  opinion  twice  before  he  arrived  at  a  final  con- 
clusion upon  this  point.     At  the  first  blush  of  the  matter,  after 
dancing  at  a  few  scattered  masses  of  the  substance,  he  would 
confidently  pronounce  it  to  be  a  trap.     But  as  he  w^orked  out  more 
carefully  the  geology  of  the  island,  he  would  begin  to  be  less  sure, 
and  would  gradually  come  round  to  the  opinion  that  he  had  a 
very  remarkable  group  of  metamorphic  sandstones  before  him  ; 
and  just  when  he  had  made  up  his  mind  to  this  hypothesis,  in 
some  hitherto  inexplored  glen,  or  on  some  out-of-the-way  promon- 
tory, he  would  find  convincing  and  undeniable  proof  that  his  first 
impression  was  correct.     To  illustrate  these  three  stages  of  opinion 
respecting  the  origin  of  the  Arran  claystones,  I  shall  request  your 
attention  to  the  accompanying  section  of  the  Ben  Leister  Glen, 
and  I  WT.11  suppose  that  Ave  commence  our  inquiry  with  the  first 
careless  impression  that  claystone  is  a  kind  of  trap.       At  the 
north-west  corner  of  the  bay  of  Lamlash,  and  close  by  the  village 
of  that  name,  two  large  glens  open  upon  a  small  alluvial  plain. 
The  road  to  Lag  mounts  the  side  of  the  more  westei-ly  of  th&se 
glens  j  the  other,  although  much  the  larger,  more  accessible,  and 
prettier  valley,  is  so  choked  up  with  high  hills  at  its  upper  end 
that  no  road  has  ever  been  made  through  it,  and  it  is  consequently 
entirely  secluded,  and  little  known.     Beyond   a  very   summary 
reference  to  it  in  Dr.  Bryce's  book,  before  referred  to,  no  mention 
has  ever  been  made  in  geological  works  of  the  lovely  Ben  Leister 
Glen.     Nevertheless  this  very  place  is,  beyond  all  cjuestion,  the 
finest  locality  in  Arran,  and  perhaps  in  the  whole  kingdom,  for  tlio 
study  of  these  claystones.     The  whole  series  of  them,  as  above 
described,  are  to  be  found  there,  as  well  as  all  those  interesting 
phenomena  which  have  given  rise  to  so  much  doubt  respecting  the 
origin  of  claystone  in  Arran. 

I  may  mention  that  in  the  diagram  I  have  i-epresented  the  clay- 
stone dykes  by  the  blue  colour,  and  those  of  greenstone  or  basalt, 
which  are  also  very  numerous,  by  the  usual  crimson.  The  shaded 
portions  are  the  soft  red  sandstone  which  constitutes  the  funda- 
mental rock  throughout  that  neighbourhood.  These  portions, 
however,  are  represented  shorter  in  proportion  to  the  breadth  of  the 
dykes  than  they  really  are;  but  the  dykes  of  both  kinds  are  drawn 
sufficiently  near  their  trae  proportions  for  all  ])ractical  purposes — 
the  thickest  being  about  fifty  yards  across.     I  may  add  that  the 
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claystones  of  the  glen  are  all  sliewn  iii  the  section;  but  of  basaltic 
trap,  only  those  which  are  of  interest  towards  our  present  inquiry, 
that  is  to  say,  only  those  which  are  connected  in  any  way  with  the 
claystones. 

Near  the  mouth  of  the  glen,  and  just  above  an  immense  boulder 
lying  in  the  bed  of  the  burn,  we  arrive  at  the  fii-st  gi'eat  mass  of 
claystone  (No.  1).  It  forms  a  high  rocky  bank  on  one  side  of  the 
water-course,  and  it  is  bordered  above,  that  is  to  say,  on  that  side 
of  it  which  is  higher  up  the  stream,  by  a  fine  greenstone  dyke. 
The  claystone  is  far  from  being  homogeneous  throughout,  being 
most  highly  porphyritic  in  that  portion  which  the  greenstone  rests 
against,  and  containing  also  at  that  place  small  metallic  crystals, 
which,  by  the  way,  are  rather  characteristic  of  this  variety  of  clay- 
stone. Further  away  from  the  neighbourhood  of  this  basaltic  dyke 
the  mass  changes  into  a  simple  felspar  rock  closely  resembling  some 
varieties  of  the  millstone  grit;  and  finally  it  passes  into  a  kind  of 
general  jumble  of  half-a-dozen  varieties  of  claystone.  We  have 
therefore  before  us,  at  the  outset,  a  highly  instinctive  example  of 
the  close  connection  existing  among  the  difierent  kinds  of  this  class 
of  rocks ;  and  in  the  compass  of  a  single  dyke  there  may  be  seen 
2)acked  away  claystones,  which  vary  in  appearance,  in  hardness, 
colour,  and  specific  gravity,  thi'oughout  almost  the  whole  range  of 
variation  which  I  have  indicated  as  existing  among  the  claystones 
of  Arran.  Tho  external  and  general  appearance  of  the  claystones 
under  description,  presenting  its  peculiar  square  corners  and  cubical 
blocks  to  the  wearing  action  of  the  water,  miLst  at  once  strike  the 
observing  eye  as  unusual  in  trap  rocks,  and  excite  vague  doubts 
and  suspicions,  pointing  in  the  direction  of  sandstone  and  sedimen- 
tary strata.  The  contiguity  of  the  gi-eenstone  dyke  also  suggests 
the  idea  of  metamorphic  action;  and  the  observer  may  also  remember 
that  he  has  seen  quite  a  general  disposition  in  other  claystones  to 
couit  similar  suspicious  contact  with  undoubted  ti-ap-dykes.  He 
will  at  least  desire  further  e^•idence,  nor  will  he  need  to  wander 
far  in  search  of  it.  Passing  up  the  b.ulder- whelmed  coui^se  of  the 
stream  beneath  a  pleasant  arcade  of  overhanging  boughs,  he  soon 
arrives  at  the  foot  of  a  pretty  w^aterfall  that  has  been  cut  during 
the  lapse  of  ages  through  a  high  bank  of  claystone  lying  athwait 
the  path  of  the  water,  which  now  descends  over  a  broad  flight  of 
regular  steps.  Here  the  same  angidar  disposition  of  the  claystone 
is  strikingly  exhibited,  and  the  same  connection  with  trap-dykes  is 
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remarked;  this  huge  mass  being  actually  enclosed  between  two 
basaltic  dykes,  the  upper  of  w^hich  is  of  enormous  dimensions. 
But  this  claystcne  is  [regularly  porphyritic  throughout,  and  may 
be  classified  as  a  small  grained  quartziferous  felspar  porphyry. 
It  does  not,  however,  appear  to  throw  any  additional  light  upon 
the  question  of  the  origin  of  claystone.  But  a  little  higher  up  the 
explorer  comes  upon  a  second  waterfall,  and  it  is  here  that  he  first 
meets  with  what  appears  to  be  a  satisfactory  and  complete  solu- 
tion of  his  doubts.  At  the  first  view  of  this  massive  display  of 
naked  rocks  he  recognises  all  the  well-known  features  of  claystone. 
There  is  the  same  angular  arrangement  into  blocks,  the  same 
succession  of  steps,  the  same  resemblance  to  a  stratified  formation. 
The  presence  of  basaltic  dykes  is  not  wanting  to  complete  the 
similarity,  thi^ee  of  which  enfold  the  mass  in  an  iron  grasp ;  there 
being  one  at  each  side,  that  is,  one  at  the  bottom  and  one  at  the 
top  of  the  cascade,  and  a  third  cuts  across  the  claystone  near  the 
upper  edge  of  the  descent.  But  when  the  hammer  descends  upon 
some  tempting  corner,  instead  of  the  rock  he  had  such  good  reason 
for  expecting  to  find,  the  investigator  picks  up  a  fragment  of  hard, 
glittering,  dark-grey  mineral,  which  resembles  gi-eenstone  more 
than  anything  else,  on  the  newly-fractured  surface.  A  close 
inspection,  however,  reveals  a  radical  difiference;  and  in  fact  this 
deceptive  member  of  a  very  deceptive  family  may  be  detected  in 
the  act  of  passing  off  into  an  ordinary  claystone  in  one  place  at 
the  very  summit  of  the  fall,  but  not  before  it  has  made  a  very 
successful  attempt  to  look  like  syenite  in  the  transition  process. 
But  this  very  same  ledgy  waterfall  is  guilty  of  a  worse  attempt  at 
mystification,  for  just  on  the  margin  of  one  of  its  broad  steps  there 
is  the  plain  appearance  of  pebbles  in  the  very  midst  of  it.  All 
doubt  seems  now  to  be  at  rest.  Some  of  the  pebbles  are  of  white 
quartz,  others  of  a  dark-blue  substance,  such  as  schist  might 
resemble  after  undergoijig  alteration  by  heat.  The  water  has 
worn  away  the  softer  intervening  portion  of  the  rock,  and  the 
pebbles  stand  out  in  partial  relief  from  the  general  surface.  Nor 
is  the  appearance  owing  to  the  presence  of*  a  fragment  of  conglo- 
merate which  had  floated  off  into  the  liquid  lava,  for  the  rock 
intervening  between  the  pebbles  is  precisely  the  same  glittering 
claystone  which  constitutes  the  gi'eater  portion  of  the  whole  mass. 
And  to  add  to  the  perplexity  of  the  geologist,  or  rather  to  make  the 
fallacious  evidence  complete,  whereby  he  comes  out  of  perplexity 
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to  a  wrong  certainty,  there  is  another  band  of  this  same  glittering 
claystone  just  beyond  the  large  dyke  which  traverses  the  coscade 
near  its  upper  extremity,  and  this  upper  claystone  graduates  off 
into  first  an  ordinary  claystone,  and  then  a  fnio  quartzite,  which 
itself  passes  into  a  beautiful  hardened  conglomerate.  I  say 
"graduates  off,"  because  no  line  of  demarcation  can  be  traced, 
although  the  exposure  of  the  various  rocks  upon  the  bed  of  the 
stream  is  very  complete.  There  are  other  localities  iu  Arran 
where  claystone  presents  features  strongly  suggestive  of  its  being  a 
metamorphic  sandstone,  but  none  where  the  evidence  of  its  being 
so  seems  so  complete  as  at  this  very  interesting  spot.  The  proofs 
thus  far  afforded  in  the  Ben  Leister  Glen  of  this  hypothesis  are 
threefold.  First,  claystone  has  been  always  found  bordered  with 
basaltic  dykes,  and  twice  enclosed  between  two  of  them.  Secondly, 
it  contains  i)ebbles  exactly  resembling  those  found  in  known 
metamori)hic  conglomerate.  Thirdly,  it  passes,  or  seems  to  pass, 
by  imperceptiljle  gradations  into  sandstone. 

Pursuing  our  walk  upwards  along  the  bed  of  the  stream  wo 
pass  over  the  edges  of  the  sandstone  strata  dipping  at  a  small 
angle  towards  the  head  of  the  glen,  and  consequently  striking 
across  the  course  of  the  stream  at  right  angles.  Soon  we  amve 
at  the  third  waterfall,  which  seems  but  a  repetition  of  those  below 
in  its  general  form  and  appearance,  and  indeed  it  owes  its  origin 
to  the  same  set  of  causes.  Here  we  find  the  foui-th  claystone,  of 
immense  thickness,  and  like  the  beds  below  marked  off  by  basaltic 
dykes  from  the  neighbouring  sandstones.  It  is  like^vise  cut  in 
two  by  a  splendid  dyke  of  basalt  about  six  feet  in  thickness. 
Many  pretty  specimens  of  claystone,  and,  I  think,  of  quartzite, 
are  to  be  found  in  this  fine  water  "cuttinsf,"  affordinc;  to  the 
mineralogist  plenty  of  scope  for  speculation  on  the  point  of  their 
real  nature  and  origin.  Just  above,  where  the  bed  of  the  burn 
becomes  more  level,  and  immediately  opposite  a  high  cliff  of 
sandstone  or  quartzite,  a  small  dyke  of  black  basalt  jDiu'Sues  a 
serpentine  course  diagonally  across  the  stream  and  tapei'S  off  to  a 
point  below  the  water,  after  first  gi^^g  off  a  still  smaller  branch. 
Now,  this  dyke  cuts  through  the  soft  red  sandstone,  and  at  the 
point  of  contact  metamorphoses  its  colour  to  a  dark  gi-ey  of  the 
same  shade  as  the  dark-coloured  claystone  below,  affording  another 
link  in  the  delusive  chain  of  appearances  which  might  lead  us  to 
the  conclusion  that  claystone  is  an  altered  sandstone.     On   the 
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other  hand,  there  is  to  be  seen  at  this  same  spot  a  phenomenon 
which  points  to  the  opposite  conclusion.  The  basalt  dyke  which 
thus  alters  the  sandstone  is  crossed  at  right  angles  by  an  older 
dyke  which  it  has  cut  through.  Now,  this  older  dyke  is  com- 
posed of  a  rock  that  any  one  might  be  excused  for  pronouncing  to 
be  quartzite,  unless  he  had  seen  the  straight  narrow  chasm  in  which 
it  was  contained.  Without  doubt,  however,  this  is  only  another 
instance  of  the  decej)tive  appearances  often  assumed  by  clo.ystone. 
This  is  the  narrowest  claystone  in  the  glen,  and  yet  small  as  is 
its  compass,  we  see  that  it  is  accompanied  as  usual  by  its  basaltic 
associate. 

Another  stretch  of  sandstone  is  terminated  by  the  fifth  claystone, 
the  last  mentioned  not  being  counted  on  account  of  its  insignificant 
dimensions.  At  this  place  the  course  of  the  stream  is  blocked  up  by 
a  huge  quartziferous  porphyry,  the  hardness  of  which  rivals  that 
of  the  steel  of  the  hammer  which  vainly  attempts  to  make  im- 
pression upon  it.  But  the  remarkable  feature  of  this  claystone 
consists  in  the  veins  of  basalt  which  permeate  it.  These  are  of  all 
thicknesses,  from  many  feet  to  an  inch;  indeed  the  veins  often 
terminate  in  a  point.  The  whole  mass  is  thus  interlaced  .with  the 
younger  lava  as  though  it  bad  long  defied  the  earthquake  shock, 
until  one  tremendous  concussion  completely  shattered  it,  and 
the  ready  stream  of  fire  at  once  poured  itself  into  every  crack, 
calcining  their  walls  into  a  doubly  indurated  claystone.  This 
porphyry  is  one  of  the  most  highly  complex  and  interesting 
varieties  of  the  whole  series  of  the  Arran  clay  stones;  being  equalled 
in  these  respects  only  by  the  Drumadoon  porphyry. 

At  no  great  distance  further  up  the  glen  we  arrive  at  a  long 
section  of  a  bluish-green  claystone,  accompanied  by  the  usual 
basaltic  dykes,  and  presentmg  a  novel  feature  in  its  highly  cal- 
careous nature. 

A  little  higher  up  a  large  feeder  joins  the  burn  upon  our  right, 
and  from  this  point  the  glen  assumes  a  much  steeper  aspect.  Looking 
up  towards  the  ridge  which  divides  the  glen  we  are  traversing, 
from  the  Clachan  and  Scoradaile  glens  beyond,  v/e  have  before 
us  a  splendid  series  of  cascades,  which  rise  one  above  another  in 
smaller  or  greater  leaps  to  the  summit  of  the  ridge  or  mountain. 
I  may  here  state  that  all  these  waterfalls  are  produced  by  igneous 
dykes  crossing  the  burn  at  right  angles  to  its  course.  But  it  will 
not  be  necessary  for  n«  to  nscend  to  the  distant  summit  in  order 
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to  reach  th(;  point  of  greatest  interest,  for  tliis  Is  met  with  at  the 
lowest  waterfall  in  the  whole  descent.  It  is  at  this  spot  that  wo 
come  upon  conclusive  proof  that  claystone  is  an  igneous  rock.  The 
water  shoots  over  a  magnificent  mass  of  claystone  porjjhyry  at  this 
point,  v/hicli  it  has  laid  so  thoroughly  bare  on  all  sides,  that  the  com- 
l)leteness  of  its  exhibition  could  scarcely  be  added  to — even  by  human 
ingenuity.  An  inspection  of  a  few  minutes  serves  to  ovcilh-ow 
all  previously  formed  theories  respecting  the  metamorphic  o:  igin 
of  claystones,  for  this  claystone  is  seen  to  be  a  perfectly  dctined 
igneous  dyke.  It  abuts  ujion  conglomerate  below  the  fall  and  is 
bordered  by  sandstone  above,  which  it  has  hardened  at  the  point  of 
contact  in  the  usual  mamier  of  trap  dykes;  and  there  is  not  a 
vestige  of  any  basaltic  rock  to  be  seen  in  the  neighbourhood.  Nay, 
it  is  not  only  not  to  be  seen,  but  the  exposure  is  so  complete  that 
it  would  be  seen  if  it  were  there.  In  one  word,  there  cannot 
remain  the  possibility  of  a  doubt  as  to  the  igneous  origin  of  this 
and  all  other  Arran  claystones.  So  long  as  that  dyke  remains  in 
existence  it  will  stand  as  an  incontestable  proof  and  an  unanswer- 
able witness  of  that  scientific  fact. 

There  are  many  other  fine  claystone  dykes  tempting  us  towards 
the  upper  portion  of  the  ascent;  many  leafy  cascades,  set  like  gems 
in  the  huge  shapeless  slopes  of  heather  and  bog  on  each  side  ;  many 
a  romantic  chasm  dug  out  of  the  mountain,  full  of  absorbing  and 
oven  exciting  interest  to  the  geologist,  but  as  there  are  no  new 
facts  to  be  had  throwing  light  upon  the  subject  of  this  paper,  I  feel 
that  I  should  have  no  excuse  for  taxing  the  patience,  which  I  fear 
I  have  already  more  than  exhausted. 

Before  concluding,  however,  I  may  perhaps  be  permitted  to  advert 
for  a  moment  to  one  or  two  of  the  points  of  more  general  interest 
connected  with  the  Arran  claystones. 

In  the  first  ]:)lace,  it  is  certainly  remarkable  that  the  dykes  of 
claystone  should  be  so  frequently  associated  with  parallel  and 
contiguous  dykes  of  basaltic  rocks.  Whilst  it  is  a  common  occur- 
rence to  meet  with  isolated  dykes  of  basaltic  rocks  in  Arran,  indeed 
nothing  is  more  common  in  that  land  of  dykes,  it  is  yet  quite  a 
rare  circumstance  to  find  a  claystone  dyke  in  similar  isolation. 
For  some  reason  or  other  claystone  is  decidedly  a  sociable  rock, 
evidently  preferring  to  range  itself  alongside  one  of  its  fire-born 
brethren,  and,  if  possible,  to  squeeze  itself  in  between  two  of  them. 
A  glance  at  the  section  of  Ben  Leister  Glen  will  illustrate  this 
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peculiarity.  Out  of  sixteen  distinct  bands  of  claystone  in  tliat  glen 
five  liave  basaltic  dykes  on  both  sides,  nine  more  are  in  contact 
with  them  on  one  margin,  and  of  the  remaining  two,  one  is  doubtful 
on  accomit  of  the  obscmity  of  its  relations  caused  by  the  depth  of 
the  water  at  the  point  where  it  occm-s,  and  the  other  is  the  only 
instance  of  an  absolutely  isolated  claystone  in  the  whole  glen. 
Now  this  characteristic  of  claystone  dykes  cannot  be  explained  by 
the  supposition  that  they  are  really  of  the  same  origin  as  their 
associated  basalts,  and  owe  their  different  character  merely  to  the 
process  of  cooling,  because  in  every  instance  the  line  of  demarcation 
between  the  two  substances  is  complete,  and  nowhere  is  a  basaltic 
dyke  found  shading  off  continuously  into  a  felspathic  one ;  in  fact 
no  one  could  inspect  the  two  systems  of  dykes  in  this  glen  and 
for  a  moment  remain  in  doubt  as  to  theii'  perfectly  distinct  and 
separate  origin.  Whatever  points  there  may  be  connected  with 
the  history  of  this  glen,  which  must  remain  for  the  present  obscure 
and  unsettled,  this  may  at  least  be  regarded  as  a  determined  fact, 
that  the  two  kinds  of  dykes  were  formed  at  different  periods. 
With  regard  to  when  those  periods  were  we  can  also  be  sure  of 
this,  that  they  were  both  subsequent  to  the  carboniferous  epoch ; 
and  if  Murchison,  Sedg^vick,  and  Eamsay's  opinion  be  correct,  that 
the  red  sandstones  of  this  glen  are  Triassic,  then  the  dykes  of  both 
kinds  are  younger  than  that  formation,  I  think  we  may  proceed 
a  step  further  and  determine  which  class  of  dykes  was  first  formed ; 
at  any  rate  the  weight  of  the  evidence  goes  to  prove  a  much  higher 
antiquity  for  the  claystones.  In  the  case  of  the  fifth  claystone, 
there  can  be  no  doubt  that  such  is  the  fact,  and  Nos.  3,  4,  and  9 
are  not  less  conclusive.  These  masses  formed  originally  each  a 
single  dyke  and  have  evidently  been  subsequently  cut  in  t\yo  by 
an  intrusion  of  greenstone  or  basalt.  Another  fact  pointing 
towards  the  same  conclusion  is  the  enormous  dimensions  of  the 
claystones  j  in  nearly  every  instance  they  are  many  times  as  thick 
as  the  associated  basalts,  and  it  is  at  least  reasonable  to  suppose 
that  the  smaller  dyke  found  its  way  into  the  fissure  last.  I  feel, 
therefore,  disposed  to  carry  the  deduction  still  further,  and  to  say, 
that  the  history  of  these  curious  double-dykes  may  be  arrived  at 
in  the  following  way.  A  long  period  of  quiet  which  prevailed  in 
what  is  now  Arran,  dui'ing,  and  subsequent  to  the  Triassic  epoch, 
a  period  long  enough  to  solidify  the  loose  sand  and  gravel  of  that 
formation,  was  followed  by  the  bursting  forth  of  volcanoes,  and  the 
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commencement  of  accompanying  earthquake  action  in  the  imme- 
diate neigliboui-hood  of  this  glen.  For  it  is  well  known  that  the 
less  crystalline  lavas  are  those  which  remain  nearest  to  the  crater 
from  which  they  were  poured;  they  ai'C,  in  fact,  less  crystalline 
because  they  were  less  fluid  when  ejected.  Now  there  are  three 
masses  of  claystone  in  this  neighbourhood  which  are  of  quito  a 
different  character  from  the  dykes  we  have  been  considering. 
These  are  the  three  mountain  masses  of  Holy  Isle,  Dun  L'hu, 
and  Windmill  Hill,  all  of  which  may  be  described  as  huge 
pyramids  of  claystone  resting  upon  sandstone  strata.  They  were 
not  always  there — once  the  sandstone  was  naked  and  disen- 
cumbered by  them.  Tliey  must  have  been  erupted  from  Ijelow, 
and  the  vents  through  which  they  were  ejected  were  close  at  hand 
in  each  case,  as  they  are  composed  of  a  rock  which  was  too  slightly 
fluid  to  travel  far.  Now,  this  line  of  ancient  vents  stands  in 
an  interesting  relation  to  the  claystone  dykes  of  Ben  Leister 
Glen,  for  although  they  are  separated  from  each  other  by  great 
distances  and  great  intervening  hollows,  Ben  Leister  Glen  is 
about  equi-distant  from  them,  and  they  may  all  be  said  to  look 
down  into  its  recesses  from  tlieii'  sterile  crests.  The  wondeiful 
character  of  this  riven  and  shattered  glen  may  therefore  be  ex- 
plained when  we  remember  in  what  fiery  embrace  it  was  once 
locked,  and  we  may  see  how  its  oiice  continuous  sandstones  were 
dislocated,  and  Avide  fissures  opened  in  them  into  which  the 
sluggish  claystone  lava  slowly  descended.  But  the  whole  of  the 
lava  would  not  descend  into  the  fissures;  most  of  it  would,  in 
fact,  remain  spread  over  the  spaces  between  them,  in  the 
form  of  a  sheet  or  bed  similar  to  that  basaltic  sheet  which 
now  forms  so  striking  a  feature  in  the  geology  of  many  of  the 
Clyde  islands,  and  we  ought  to  find,  beneath  that  subsequent 
basaltic  sheet,  the  relics  of  the  more  ancient  claystone  sheet.  It 
is  not,  however,  there ;  the  sides  of  the  glen  are  capped  by 
greenstone  only,  and  the  inference  is  that  a  period  of  time  must 
have  elapsed  between  the  eruption  of  the  two  kinds  of  lava,  and 
the  formation  of  the  the  two  kinds  of  dykes,  sufficiently  long  to 
allow  denuding  agencies  to  clear  it  away,  leaA-ing  the  sandstone 
once  more  bare,  except  in  the  immediate  neighbourhood  of  the 
volcanic  vents,  where  the  greatest  thickness  of  the  erupted  claystone 
existed.  Long  after  that  primeval  age  of  tire  and  earthquake, 
therefore,  there  followed  a  second  period  of  disturbance.     But  the 
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effects  were,  perhaps,  less  powerfully  felt  in  the  neighbourhood  of 
the  Ben  Leister  Glen ;  the  existing  lines  of  fracture  were  easily 
acted  upon  by  the  subsequent  convulsions  ;  the  solid  claystones 
in  the  former  fissures  were  rent  asunder  from  the  incompatible 
sandstones  against  which  they  rested,  and  the  rapid  flowing  basaltic 
lava  poured  into  every  fissure  and  crevice  that  appeared.  But,  at 
that  period,  the  now  lovely  Ben  Leister  Glen  had  no  existence.  A 
vast  level  pall  of  black  lava  was  spread  over  the  v/hole  desolate 
surface  of  the  land,  and  the  last  scene  in  the  history  of  the  Ben 
Leister  claystones  was  the  substitution  of  the  gentle  action  of 
w^ater  for  the  desolating  force  of  volcanic  fires.  The  gi^eat  sheet  of 
lava  was  cut  through :  a  deep  glen  was  hollowed  out  in  the 
sandstones  that  had  been  entombed  below,  and  the  phenomena  we 
witness  to-day  in  the  depths  of  the  glen,  are  probably  only  a  fiiir 
sample  of  what  exists  throughout  the  whole  of  the  foundations  of 
the  neisrhbourini^'  hills. 


XVI.     On  the  Caeboxiferous  Sections  0/  the  Levern  Valley, 
Eenfrewshire.     By  Mr.  Hugh  MThail. 

(Read  February  4,  1869.) 

Physical  features  of  the  district. — The  Levern  valley,  in  the  south- 
west of  Eenfrewshire,  is  bounded  on  the  south  by  the  trappean  dis- 
trict, which  extends  over  the  parish  of  Mearns  and  part  of  Neilston  ; 
on  the  north-west  by  the  Fereneze  range,  and  to  the  north  it 
flattens  out  towards  the  undulating  and  knoUy  district  south  of 
Paisley.  From  its  western  extremity  at  Crofthead,  it  gi'adually  opens 
out  towards  the  Clyde,  until  it  attains  a  width  of  more  than  2J 
miles  from  Waulkmill  glen  on  the  south,  to  Crookston  Mains, 
where  the  carboniferous  strata  are  interru2:)ted  by  an  igneous  dyke 
which  forms  their  northern  boundary.  A  line  between  these  two 
places  across  the  districts  of  Darnley,  Nitshill,  and  Hurlet  may 
be  considered  its  eastern  extremity. 

A  ridge  in  the  centre  of  the  valley,  extending  from  Ward- 
hill  at  its  eastern  extremity,  to  the  west  of  Barrhead,  divides 
it  into  two  portions,  each  having  its  own  water-course ;  the 
Aurs  water  united  with  the  Brock,  in  the  southern ;  the  Levern, 
in  the  northera.  The  ridge  is  formed  of  thick-bedded  sand- 
stones which  crop  out  to  the  north,  and  are  prominently  exposed 
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at  intervals  througliout  the  valley.  Kirkton  l)urn  llowiug 
from  Colinbar  glen,  crosses  the  valley  diagonally  at  the  western 
outcrop  of  the  thick- bedded  sandstones,  and  joins  the  Levern 
water  between  Cross-Arthiirlie  Works  and  Levern  mill.  These 
streams  flowing  from  the  high  moorland  districts  in  the  south,  over 
the  trap  formations  above  the  valley,  together  with  the  various 
rivulets  by  which  they  are  augmented,  have  exposed  the  various 
phenomena  presented  by  the  igneous  and  sedimentary  rocks  of  the 
district.  Throughout  the  valley  and  along  the  base  of  the  traps, 
the  i^hysical  as^^ect  is  indicative  of  the  action  of  water  similar  to 
that  observed  in  other  districts  in  the  valley  of  the  Clyde.  At 
the  lower  end  of  the  valley,  the  Boulder  clay  is  fomid  in  some 
places  only  a  few  inches  in  thickness,  while  in  othei's  it  Is  raised 
into  mounds,  or  deposited  against  northern  escarpments,  and  where 
it  has  been  deposited  between  disrupted  strata,  it  has  been  found 
U2)wards  of  ninety  feet  in  thickness.  At  Nitshill  excellent  oppor- 
tunities are  aflbrded  of  examining  the  Till  as  it  is  exposed  in 
many  of  the  quarries.  Two-thirds  of  the  boulders  in  it  are  of  local 
origin,  being  composed  of  varieties  of  trap,  ironstone,  limestone,  and 
sandstone,  with  smaller  fragments  of  coal  and  clay-shale.  The 
other  third  belongs  to  the  older  formations;  they  are  much  rounded, 
and  a  few  of  them  slightly  striated. 

In  the  neighbourhood  of  BaiThead  there  are  numerous  accumu- 
lations, evidently  fluviatile,  or  rewash  from  the  Till,  which  must 
have  been  formed  while  the  lower  part  of  the  valley  was  covered. 
The  greater  part  of  Grahamston,  which  is  about  1 70  feet  above 
sea-level,  is  built  upon  such  deposits ;  but,  as  there  have  not  been 
any  recent  excavations,  I  have  neither  had  an  opportunity  of 
examining  theii-  nature,  nor  of  determining  if  they  contain  any 
fossiliferous  evidences. 

Carboniferous  Strata. — The  carboniferous  stratii  come  to  the 
surface  on  both  sides  of  the  valley,  from  the  trough  in  its  southern 
portion.  The  trough  is  in  a  line  with  a  point  near  the  junction  of 
the  Aurs  water  with  the  Brock,  and  with  Upper  Arthurlie  Works 
at  the  lower  end  of  Colinbar  glen,  where  it  has  been  proved  in 
the  coal-workings.  It  seems  at  some  places  to  be  thi-own  a  little 
out  of  the  above  line  by  transverse  dislocations,  one  of  which 
crosses  it  from  South  Arthurlie  to  Cross  Ai-thurlie,  and  evidently 
causes  a  slight  change  of  the  basin,  but  in  a  general  \-iew  this 
line  may  be  considered  as  marking  its  position.     The  strata  lying 
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contigiions  to  the  trap  along  the  south  of  the  valley,  and 
dipping  to  the  trough,  are  found  along  the  ridge  which  divides 
the  valley,  as  they  crop  out  to  the  north;  and  in  conse- 
quence, the  beds  on  the  north  side  of  the  ridge,  are  lower 
in  the  carboniferous  series  than  those  exposed  on  the  south.  The 
strata  on  the  north  side  gradually  thin  out,  until  the  Hurlet  main 
coal  crops  out  at  West  Hurlet,  and  also  between  Townhead  and 
Blackbyres.  ]Siear  Townhead  a  small  coal  was  reached  about 
eleven  fathoms  below  the  Hurlet  main  coal.  This  coal  is  about 
eighteen  inches  in  thickness,  and  is  the  lowest  stratum  which  has 
been  reached  in  the  valley.  It  was  also  found  in  the  workings 
of  the  Nitshill  and  Lesmahagow  Coal  Company  at  ISTitshill. 

The  cross  section  of  the  valley  (given  in  the  accompanymg 
woodcut,  page  257),  represents  the  manner  in  which  the  strata  are 
found  from  Waulkmill  glen  to  the  igneous  interruption  at  Crook- 
ston  Plains,  and  embraces  more  than  three  hundred  fathoms, 
from  the  Hm-let  and  Campsie  series  upwards  to  a  brown  sand- 
stonei  in  the  southern  portion  of  the  valley,  the  position  of  which 
I  consider  to  be  about  tvrenty  fathoms  above  the  Garnkirk  lime- 
stone. Taking  the  principal  beds  in  descendiag  order  from  this 
sandstone,  they  are  found  as  follows  : — 

Journal  of  Strata  exposed  during  the  working  of  the  Nitshill  Quarries. 
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Along  the  trough  from  Little  Auchinback  to  near  Darnley  House 
lies  the  above  sandstone,  terminating  abruptly  at  both  ends  of  the 
bed,  particularly  that  next  Darnley  House,  where  it  is  seen  lyiag 

^  I  would  be  inclined  to  consider  this  sandstone  the  equivalent  of  the  mill- 
stone grit,  if  its  existence  be  admitted  in  Scotland. 

2  There  is  a  part  of  this  bed,  averaging  about  six  feet  in  thickness,  highly 
siliceous,  which  causes  much  trouble  and  expense  in  the  workhag  of  the  quarries. 
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upon  a  thick  bed  of  clayey  and  calcareous  sliales,  wliicli  separates 
it  from  the  limestone  locally  kno\yn  as  the  "North  Brae"  limestone. 

Entering  Waulkmill  glen  from  the  junction  of  the  Aurs  water 
with  the  Brock,  the  above  shales  are  well  seen,  the  stream 
having  worn  considerably  into  the  rising  ground  forming  its 
west  bank.  The  upper  thirty  feet  of  these  shales  is  a  com- 
plete mass  of  nodules ;  tow^ards  the  centre  they  are  more  clayey, 
but  gradually  become  calcareous  and  fossiliferoiis  as  they  approach 
the  limestone.  Further  up  in  the  bed  of  the  stream  the  lime- 
stone, which  has  .been  much  wrought  in  the  vicinity  of  the 
glen,  crops  out  from  under  the  shales.  At  a  depth,  which  varies 
from  three  to  five  fathoms  from  the  limestone,  there  is  a  "  splint" 
coal  of  inferior  quality,  known  in  the  district  as  the  "North  Brae" 
or  Auchinback  coal,  it  having  been  extensively  wrought  on  the 
grounds  so  named.  The  workings  were  all  near  the  outcrop,  the 
coal  varying  from  three  to  three-and-a-half  feet^in  thickness.  About 
a  hundred  yards  from  the  junction  of  the  Aurs  with  the  Brock, 
this  coal  was  reached  at  about  eighteen  fathoms,  being  considerably 
in  the  dip  of  the  other  shafts,  and  from  three  to  five  feet  in  thick- 
ness, gradually  becoming  thicker  towards  the  trough.  It  agrees  in 
every  respect  with  that  found  at  Shirva  and  Kirkintilloch. 

Continuing  up  the  glen,  the  outcrop  of  the  coal  is  traceable 
along  the  edge  of  the  stream  as  it  winds  round  a  knoll,  and 
nearly  in  a  straight  line  for  about  one  hundred  yards,  when,  by  a 
fault,  the  limestone  and  the  coal  are  thrown  off.  This  fault 
is  caused  by  an  upthrow  to  the  south,  but  from  surface  investi- 
gations, it  is  impossible  to  determine  accurately  its  extent ;  but  as 
the  coal  has  been  wrought  west  from  the  glen  on  the  upper  side  of 
the  fault,  and  from  the  angle  at  which  the  strata  lie  towards  the  glen, 
it  is  probable  that  it  cannot  be  more  than  from  twelve  to  fifteen 
fathoms.  The  connection  of  the  strata  lying  above  the  fault,  as  seen 
in  the  Darnley  -old  reservoir,  with  those  of  the  upper  part  of  the 
glen,  which  is  a  deep  ravine,  is  cut  off  from  view,  by  the  surface 
soil  having  slid  over  at  its  lower  entrance.  The  strata  in  the 
ravine  are  cut  through  to  the  depth  of  seventy  feet  as  they 
are  tilted  up  against  the  trap  lying  above  the  glen,  expos- 
ing a  vertical  section  of  nearly  forty  fathoms.  Near  the 
centre  there  are  two  beds  of  limestone,  ten  and  twenty-two  inches 
thick  respectively,  separated  by  about  tliree  inches  of  shale,  with 
about  three  inches  of  coal  under  the  lower  bed.     This  limestone  is 
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known  as  the  *'  Lyoncross"  limestone,  it  having  hcen  wrought  at 
a  small  ravine  of  that  name.  About  three  fathoms  under  this 
limestone  there  is  a  soft  coal,  averaging  about  eighteen  inches, 
known  as  the  "Lyonci-oss"  coal,  and,  like  that  of  North  Brae,  it 
has  been  extensively  wrought  in  the  vicinity,  the  workings  from 
this  ravine  having  been  connected  with  tliose  at  Lyoncross. 

Immediately  under  the  Lyoncross  coal  are  the  thick-bedded 
sandstones,  seen  at  the  top  of  the  glen,  and  which  are  about  ninety 
feet  thick.  The  embankment  of  the  Gorbals  Water  Works  reser- 
voir is  upon  this  sandstone,  the  under  stratum  of  which  crops  out 
in  tlie  bottom  of  the  reservoir  from  under  the  embankment ;  and 
from  under  the  sandstone,  also  in  the  bottom  of  the  reservoir, 
there  is  seen  a  bed  of  limestone  cropping  out  quite  contiguous  to 
the  traps  of  the  higher  district.  This  limestone,  which  is  the  under- 
most stratum  of  any  consequence  exposed  in  the  section,  is  best 
seen  east  of  the  tower  in  the  reservoir,  and  serves  as  a  good  index 
in  identifying  the  section  with  others  in  the  neighbourhood  and 
around  Glasgow,  it  being  identical  with  that  of  Cowglen,  Possil, 
and  Robroystone. 

From  tlie  middle  of  the  troaj'h  to  tlie  ridi^e  in  the  centre  of 
the  valley,  there  are  no  strata  exposed  with  the  exception  of  tli- 
North  Bnie  limestone,  wliich  is  at  present  being  wrought  near  Darn- 
ley  toll-bar.  It  was  also  wrought  at  Dovecothall  in  a  line  with 
Darnley  Lime  Works,  and  nearly  parallel  with  the  ridge  in  the 
centre  of  the  valley.  The  Auchinback  coal,  lying  from  three  to 
five  fathoms  under  the  limestone  on  the  south  of  the  trough,  was 
also  wrought  near  the  surface  at  Darnley  and  Dovecothall,  and  as 
these  strata  come  into  position  so  near  the  ridge  formed  by 
the  thick-bedded  sandstones,  it  is  evident,  from  the  absence  of 
tlio  strata  lying  Ijctween  them  and  the  sandstones,  that  there 
must  be  a  fault  causing  a  displacement  of  at  least  sixty  fathoms, 
by  which  the  latter  are  elevated  to  the  surface  together  with 
the  Auchinback  section.  This  fixult  is  seen  in  the  railway  cutting 
near  Nitshill,  where  there  is  a  good  section  laid  open,  showing  the 
Lyoncross  coal  and  limestone  with  the  thick-bedded  sandstones. 
Near  Dyewood  mills,  where  the  strata  rise  from  the  basin  at 
Darnley,  the  Nitsliill  and  Lesmahagow  Coal  Company  in  their 
workings,  found  this  dLsplacement  to  be  forty-one  fathoms,  thereby 
proving  its  agreement  with  the  sui-fa  3  phenomena.  The  same 
Company  drove  a  mine  in  the  conl  about  300  yards  from  thefiiult. 
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at  a  distance  of  about  250  fathoms  below  the  surface,  the  coal  being 
fully  its  average  thickness. 

There  is  a  strip  of  the  Lyoncross  coal  on  the  top  of  the  thick- 
bedded  sandstones,  lying  between  them  and  the  fault,  as  observed  in 
the  railway  cutting;  it  was  ^vrought  at  Boghall  quarry,  and  was 
also  found  in  a  well  at  Parkhouse  farm. 

In  a  shaft  sunk  at  Wardhill  from  the  top  of  the  ridge  through 
the  sandstones,  and  at  the  depth  of  fourteen  fathoms,  the  limestone 
was  found  in  the  same  position  as  under  the  sandstones  in  the 
Waulkmill  glen  reservoir;  and  on  the  Slates  farm  other  two 
shafts  were  sunk,  in  both  of  which  a  limestone  was  found  which 
was  considered  to  be  the  Auchinback  limestone ;  but  as  the  fault  runs 
between  the  two  shafts,  only  the  limestone  found  in  the  shaft 
south  of  the  fault  can  be  that  of  Auchinback,  and  the  other  must 
be  the  limestone  lying  under  the  thick-bedded  sandstones. 

The  Boghouse  coal,  wrought  by  the  Nitshill  Ironwork  Company 
about  twenty -five  years  ago,  lies  under  the  above-mentioned  sand- 
stones and  limestone,  at  a  distance  which  has  not  been  determined, 
as  their  shaft  was  sunk  off  the  outcrop  of  the  limestone.  Boulder 
clay,  deposited  between  the  sandstones  and  a  fault  a  few  yards  to 
the  north  of  the  shaft,  was  sunk  through  to  the  depth  of  about 
fourteen  fathoms.  On  the  north  side  of  this  fault  are  the  Nitshill 
sandstone  beds,  and  between  them  and  the  above  sandstones  there 
is  a  hollow  caused  by  the  dislocation,  which  is  filled  up  with  the 
drift  to  the  above-mentioned  depth.  This  fault,  by  which  the 
Boghouse  coal  is  thi'0^\Ti  out  to  the  north,  runs  in  a  line  from 
PriesthiU,  between  the  Alum  works  and  the  quarries  at  Nitshill, 
towards  Boghall.  The  late  Mr.  Dugald  Dove,  of  Mtshill,  while 
driving  a  mine  in  one  of  his  quarries  came  upon  it,  and  the 
Nitshill  and  Lesmahagow  Coal  Company  have  found  it  in  their 
workings  about  200  fathoms  below  the  surface,  to  cause  an  up- 
throw of  twenty-five  fathoms  to  the  north.  The  excavations  of 
the  "N'itshill  quarries  are  close  upon  the  fault,  and  during  the 
progi'ess  of  the  workings  a  vertical  section  of  about  ninety  feet  has 
been  cut,  a  journal  of  which  is  given  with  the  cross  section  of  the 
valley. 

The  Nitshill  or  Satterland  coal,  which  is  the  undermost  stratum 
of  the  quarry  section,  was  passed  through  in  sinking  the  Victoria 
pit.  Unfortunately,  a  journal  was  not  kept,  but  in  it,  about 
two    fathoms   under    the    above    coal,    there   is    a    twelve-inch 
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coal  separated  from  another  under  it,  sixteen  inches  in  thickness 
by  about  seven  feet  of  shale  and  ironstone  nodules.  Under  these 
coals  there  are  thick  beds  of  shale  and  sandstones — the  shale  predo- 
minating— and  containing  numerous  thin  bands  and  nodules  of 
ironstone.  At  the  depth  of  forty  fathoms  there  are  several  thicker 
bands,  the  two  thickest  being  ten  and  f-ix  inches  respectively,  and 
with  the  exception  of  two  small  seams  of  coal,  there  is  nothing  but 
the  thick-bedded  shales  and  sandstones,  until  "  Lillie's "  coal 
is  reached  at  one  hundred  fathoms.  This  coal  is  here  two-and-a- 
half  feet  thick,  eight  inches  of  the  bottom  of  it  being  a  good  cannel 
coal,  yielding  a  fair  per  centage  of  oil  when  distilled.  From 
Lillie's  coal  to  the  bottom  of  the  shaft,  the  strata  are  concealed  by 
the  woodwork  supporting  its  sides.  This  shaft  is  175  fathoms  from 
the  surface,  to  the  Hurlet  and  Nitshill  main  coal,  wliich  averages 
five-and-a-half  feet  in  thickness.  There  is  found  at  intervals,  lying 
above  the  coal  in  this  })it,  a  black-band  ironstone,  varying  from  three 
to  six  inches,  locally  kno^vn  as  "panel,"  wliich  yields  about  thirty- 
three  per  cent,  of  pure  metallic  iron.  Above  it  is  the  alum  shale, 
varying  from  one  inch  to  seven  feet  in  thickness,  succeeded  by 
the  well-known  Hurlet  and  Campsie  limestone,  varying  from  two 
to  three-and-a-half  feet  in  thickness.  Over  the  limestone  there  are  five 
feet  of  clay-shale,  which  yield  a  large  supply  of  alum  by  the  "sul- 
phuric acid"  process.  The  strata  have  been  cut  through  in  this  pit,  to 
the  depth  of  elcA-en  f\ithoms  below  the  main  coal,  to  the  eighteen-inch 
coal  previously  mentioned,  and  the  sti-ata  between  them  consist  of 
clay-shale  with  ironstone  nodules  and  several  thin  bands  of  lime- 
stone. 

The  Hurlet  section  is  elevated  above  that  of  Nitshill  by  an 
upthrow  of  about  forty  fathoms.  In  the  Nitshill  workings  the 
coal  is  found  continuing  some  distance  up  the  fiiult  at  its  average 
tliickness,  and  upon  the  Hui-let  side  it  is  found  to  contmue  do^vn- 
wards,  consequently  there  is  a  prevailing  opinion  that  there  is  no 
fault,  but  that  it  is  an  abruj)t  l)end  of  the  strata  which  separates 
the  two  sections.  When  the  thickness  of  the  strata,  however 
together  with  the  distance  between  the  point  in  the  Nitshill  section, 
where  they  leave  their  ordinary  angle,  and  the  point  in  the  Hurlet 
section  at  which  they  resume  it,  is  considered,  it  is  quite  evident 
there  must  be  a  fault,  as  shown  in  the  cross  section. 

Entering  upon  the  Hurlet  section,  th  3  first  stratum  observed  is  a 
yellow  fissile  sandstone  on  the  south  of  Levernholrae.     On  the  top 
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of  this  sandstone  there  are  two  thin  bands  of  limestone  separated 
by  two  or  three  fathoms  of  shale  ;  and  a  few  feet  above  the  nppor 
band  lies  Lillie's  coal  which  crops  out  at  Househillmuir. 

There  are  no  strata  exposed  between  the  sandstone  in  Levern- 
holme  and  Hosie's  limestone  series,  which  is  seen  in  the  bed  of  the 
Levern  at  Rough-mussel.  The  limestone  is  in  four  beds  of  about 
nine  inches  each  in  thickness,  separated  by  about  the  same 
thickness  of  shale.  A  few  feet  under  the  limestone  there  are 
four  beds  of  clayband  ironstone,  the  two  uppermost  about  four 
inches,  and  the  other  two  varying  from  ten  to  twelve  inches 
each  in  thickness.  The  two  middle  bands  have  been  exten- 
sively wrought,  but  the  undermost,  which  is  about  seven  feet 
below  the  others,  was  not  knovvTi  until  the  others  were  nearly 
wrought  out  in  the  Hurlet  section;  and  when  the  bottom  band, 
which  is  from  ten  to  twelve  inches,  was  found,  it  could  not  be 
easily  wi'ought  foi'  want  of  roofing,  the  distance  between  it  and 
the  old  workins;s  beinor  so  little. 

Further  down  the  Levern,  on  the  south  bank,  there  is  exposed 
a  good  section  of  the  thick-bedded  shale  with  its  ironstone  nodules, 
passed  through  by  the  numerous  shafts  in  the  district  which  have 
been  sunk  to  the  clayband  ii'onstones  and  the  main  coal.  And 
still  fuii:her  down  there  is  a  clayband  ironstone  ten  inches  in 
thickness  seen  cropping  out  in  the  bed  of  the  stream.  This  band 
has  not  been  wi'ought,  but  must  have  been  passed  through  in 
several  shafts  put  down  to  the  other  ironstone  beds,  which  lie  about 
fifteen  fathoms  belovv  it. 

The  Main  coal  series  is  seen  at  the  opening  to  the  Hurlet  work- 
ings in  the  Raes  wood.  The  strata  at  the  outcrop  are  thinned 
out  veiy  much,  but  are  well  seen  in  their  true  position.  This 
series  at  Crookston  Mains  is  interrupted  by  an  igneous  dyke  visible 
at  the  surface,  and  the  contiguous  strata  are  much  altered  by  the 
agency  of  heat.  The  coal  is  converted  into  a  compact,  coke-like 
substance,  locally  kno^^^l  as  "  Grey  Maggie,"  and  contains  a  large 
percentage  of  lime,  evidently  due  to  water  passing  down  through 
the  partially  calcined  limestone  which  overlies  it.  Close  upon 
the  dyke  tlie  coal  and  lime  are  found  run  together  and  con- 
solidated in  a  mass.  For  more  than  fifty  yards  from  the  dyke 
the  heat  must  have  penetrated  the  strata  downwards,  as  in  the  pit, 
the  charred  coal  is  found  next  to  the  roof,  gi-adually  becoming 
thicker  towards  the  dyke  until  the  whole  bed  is  found  chaiTed 
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tlirouglL  These  e^^idences  show  that  there  must  have  been  a  flow 
of  igneous  matter  along  the  suiface  which  has  since  been  almost 
completely  denuded  away. 

As  the  valley  narrows  towards  the  west,  the  strata  attain  a  high 
angle,  and  are  gradually  thro^\^l  off.  At  Grahamstown  the  Hurlet 
series  is  seen  to  be  tilted  up  at  a  great  angle,  and  to  abut  against 
the  trapi)ean  ash  at  the  base  of  tlie  Fereneze  range.  At  "West 
Arthurlie  the  Boghouse  coal,  known  there  as  the  "  Barrhead"  coal, 
has  been  extensively  wrought. 

On  the  top  of  the  thick-bedded  sandstones,  seen  along  Craigheads 
and  at  the  back  of  Kelburne  Street,  Barrhead,  and  forming  the 
ridge  previously  mentioned,  lies  the  Lyoncross  coal;  and  on  the 
opposite  side  of  the  trough  in  the  glen  at  South  Arthurlie  "Works, 
the  limestone  and  coal  lie  immediately  on  the  top  of  the  sandstones 
in  a  line  with,  and  as  seen  in  "Waulkmill  glen.  The  Lyoncross 
coal  was  wi-ought  in  this  glen  from  side  openings  which  are  still 
to  be  seen. 

As  the  trough  narrows  towards  its  termination  near  Wraes  mill, 
the  beds  in  Colinbar  glen  attain  an  angle  of  25°.  From  Bar- 
shagra,  and  parallel  with  Lochlibo  road,  they  dip  in  opposite 
direction  from  those  which  crop  out  from  the  trough  of  the  valley, 
the  dip  being  towards  the  Levern,  in  the  bed  of  which  the  strata 
are  found  dipping  in  all  dii-ections,  and  narrowing  to  a  point  where 
the  traps  on  both  sides  of  the  valley  join  near  Broadley  ]Mill. 

The  Hurlet  series  extends  cast  to  the  junction  of  the  Brock  with 
the  Levem  at  Haugh,  where  it  is  interrupted  by  a  downthrow,  on 
the  east  side  of  which  the  strata  rise  towards  Cardonald,  where  the 
dip  is  seen  to  change  towards  the  Clyde. 

The  "Hosie"  limestone  series  in  this  district  has  associated 
with  it  the  bituminous  oil  shale,  mentioned  by  Mr.  John  Young  as 
found  at  the  South-hill  Campsie,^  but  the  limestone  here  having 
been  formed  at  four  different  periods,  shows  that  elevations  and 
depressions  have  taken  place,  or  that  a  clayey  sediment  has  been 
deposited  in  this  locality,  while  that  north  of  the  Clyde  enjoyed 
undisturbed  deep  water,  the  same  bed  being  there  one  continuous 
formation  of  about  six  feet  in  thickness.  The  sandstone  at  Levern- 
holme,  with  the  limestone  above  it,  appears  to  be  identical  with 
that  at  Ban-iston,  both  being  about  thirty  fathoms  above  the  Hosie 

1  Trans.  GeoL  Soc.  Glasgow,  Vol.  I. 
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limestone.  It  is  more  than  probable  tliat  the  blackband  ironstone, 
at  present  being  wrought  to  the  north  and  north-west  of  Paisley, 
has  been  passed  through  unnoticed  in  several  shafts  in  this  district, 
as  it  is  unlikely  that  it  is  altogether  absent,  since  the  strata  below, 
as  well  as  those  above  its  position,  are  identical  with  those  near 
Paisley.  Its  positionis  between  Lillie's  coal  and  Hosie's  limestone. 
The  shafts  to  the  clayband  ii'onstone  of  the  Hurlet  series  at 
Inkerman,  near  Paisley,  pass  through  Lillie's  coal  and  the  black- 
band  ironstone. 

The  Nitshill  series  lies  into  the  Cowglen  series,  and  is  separated 
from  its  north-eastern  section  by  a  seventeen  fathoms  down-throw. 
The  "stone"  coal  in  the  Cowglen  section  consists  of  two  beds  of 
coal,  ten  and  twelve  inches  respectively,  separated  by  about  ten 
inches  of  stone,  and  is  identical  with  that  seen  a  few  fathoms  down 
the  Victoria  pit  shaft,  where  it  is  twelve  and  sixteen  inches  of  coal, 
separated  by  seven  feet  of  shale  and  ii'onstone  nodules;  but  further 
west  at  Satterland  the  coals  are  only  a  few  inches  thick  and  sepa- 
rated by  a  few  inches  of  "stone."  The  "  sclutty  "  coal  of  Cowglen  is 
identical  with  that  known  at  Nitshill  as  the  "  Boghouse." 

The  series  in  the  southern  portion  of  the  valley  extends  towards 
Pollokshaws  and  Cathcart,  the  Northbrae  limestone  being  wrought 
at  Thornliebank,  where  it  is  well  known  as  the  "  Arden"  limestone. 
The  Lyoncross  limestone  crops  out  at  Orchard  and  William  wood, 
where  it  is  known  as  the  "  Orchard  Cement  Stone."  It  was  also 
found  above  the  thick-bedded  sandstones  in  the  railway  cutting  at 
Pollokshaws.  The  sandstones  are  here  seen  to  dip  at  a  high  angle 
towards  Eastwood,  and  to  re-appear  at  Giffnock,  having  the  lime- 
stone under  them  as  at  Nitshill,  and  in  Waulkmill  glen  reservoir. 

There  seems  to  be  a  deficiency  of  strata  on  this  side  of  the  Clyde 
basin,  as  in  Mr.  William  Moore's  section  of  the  strata  of  the  Lanark- 
shire coal-field,  the  Garnkirk  limestone  is  stated  to  be  395  fathoms 
above  the  Huiiet  and  Campsie  Main  limestone,  and  the  distance 
between  these  limestones  in  this  district  is  found  to  be  about  310 
fathoms  as  follows  : — From  the  Hurlet  and  Campsie  limestone  to 
Cowglen  stone  coal,  as  found  in  the  Victoria  pit  shaft,  is  170 
fathoms ;  from  the  Cowglen  stone  coal  to  the  thick-bedded  sand- 
stones, as  found  near  Cowglen,  and  about  1000  yards  from  Victoria 
Pit,  is  about  sixty  fathoms ;  from  the  bottom  of  the  thick-bedded 
sandstones  to  Lyoncross  limestone  is  about  twenty  fathoms ;  and 
the  gi-eat  fault  by  which  the  Darnley  or  Auchinback  limestone  is 
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brought  to  a  level  at  the  surface  with  the  Lyoncross  limestone  and 
the  thick-bedded  sandstones,  is  about  sixty  fathoms. 

The  four  great  faults  shown  in  the  cross  section,  which  traverse 
the  valley  in  a  direction  nearly  east  and  west,  are  intersected  by 
smaller  faults  at  various  angles.  These  have  produced  upthrows 
of  the  strata  to  the  westward,  and  indicate  either  that  the  strata 
towards  the  west  have  been  upheaved,  or  that  a  subsidence  has 
taken  place  near  Darnley,  where  is  now  the  basin  of  the  valley. 
The  natural  formation  of  the  trough,  as  proved  in  the  coal  work- 
ings at  Barrhead  and  Waulkmill  glen,  shows  that  the  various 
depositions  have  taken  place  at  an  angle  towards  the  horizon  on 
both  sides  of  the  basin,  and  the  uniform  thickness  of  the  sedimen- 
tary beds,  as  seen  tilted  up  against  the  trap  on  both  sides  of  the 
valley,  also  shows  that  they  must  have  been  deposited  at  a  lower 
angle  than  that  at  which  they  are  now  seen.  It  will  be  observed  from 
the  cross  section  that  the  faults  which  traverse  the  valley  cut  the 
strata  at  an  angle  from  both  sides  towards  the  centre  of  the  trough, 
thus  causing  the  strata  to  assume  a  wedge-like  form  between  the 
great  fault  in  the  centre  of  the  valley  and  the  fault  on  the  south 
of  the  trough.  The  great  fault  was  found  continuing  at  the  same 
angle  at  a  depth  of  about  250  fathoms.  It  would  therefore  aj^pear 
that  the  faults  could  not  have  been  formed  by  a  dei)ression  of  the 
valley,  but  that  they  must  have  been  caused  by  the  elevation  of 
the  traps  ;  and  the  other  evidences  tend  to  confirm  this  theory. 

From  Broadley  mill  to  Barshagra  the  strata  are  found  dipping 
in  various  directions;  from  Barshagra  to  Grahamstown  they  are 
tilted  abruptly  against  the  traps,  and  between  Grahamston  and 
Townhead  farm  the  Hurlet  series  is  found  almost  peri)endicular. 
At  Boylstone  there  is  a  bed  of  sandstone^  lyiiig  between  the  ti-a[>s 
and  the  Hurlet  series,  and  at  a  different  angle  from  the  adjacent 
strata.  Between  Boylstone  House  and  Cros:5tol)S  there  is  a  bed  of 
limestone-  dipping  towards  the  trap  range.  There  are  also  two 
beds,  or  poi-tions  of  one  bed,  of  hard  white  sandstone  tUted  into  an 
almost  perpendicular  position  at  the  base  of  the  traps,  in  a  line 
with  Boylstone  House  and  Brownside  glen,  where  another  change 
is  observable.  On  the  hill-side  above  Brownside  House  a  strip 
of  the  strata  is  found  identical  with  that  seen  in  the  lower-lying 

1  This  sandstone  was  nearly  all  quarried  away  during  the  constiiictiou  of  the 
railway. 

-  The  limestone  was  wrought  here,  and  the  kilns  are  but  recently  removed. 
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district  at  Holybusli.  Continuing  round  tlie  base  of  the  range 
another  change  is  seen  at  Glenfield,  where  there  is  a  sandstone 
upon  the  hill  side  of  the  road,  similar  to,  if  not  identical  with,  that 
at  Boylstone  j  and  upon  the  other  side  of  the  road  is  a  hard  dark 
coloured  sandstone  traceable  east  to  Oldbar,  where  it  seems  to  dip 
under  the  Hurlet  series,  "Where  the  Hurlet  and  Campsie  series 
is  seen  in  the  bed  of  the  Levern  tilted  up  against  the  trappean 
ash  at  the  base  of  the  Fereneze  range,  is  about  150  feet  above  sea- 
level,  and  as  the  range  slopes  down  towards  the  west  under  the 
Ayrshire  coal-field,  the  same  series  is  found  in  the  Parish  of 
Beith,  about  412  feet  above  sea  level.  The  distance  is  about  two 
miles  from  the  point  in  the  Levern  valley,  where  the  carboni- 
ferous strata  are  cut  off  by  the  tr^ps,  to  the  point  where  they 
re-appear  near  Shillford,  and  where  they  are  continuous  mth.  the 
Ayi'shire  coal-field.  The  trap  range,  near  Shillford,  attains  an 
elevation  of  about  850  feet  above  sea-level,  and  about  450  feet 
above  the  carboniferous  strata  at  the  same  place.  The  drfference 
in  relation  to  the  sea-level  of  the  position  of  the  Hurlet  series  on 
both  sides  of  the  range,  and  at  points  so  near  to  each  other, 
together  with  the  other  evidences  seems  to  affirm  that  the  ran^^e 
has  been  elevated,  and  has  thereby  separated  the  carboniferous 
strata  of  the  valley  of  the  Clyde  from  those  of  Ayrshire.  Indeed, 
this  range  would  seem  to  have  been  elevated  considerably  above  its 
present  height,  and  when  again  depressed  to  have  carried  down 
with  it  the  strata,  as  seen  at  Gateside  and  near  Broadley  mill. 
This  hypothesis  woidd  also  account  for  the  position  in  which  the 
sandstone  is  found  at  Boylstone,  between  Boylstone  and  Brown- 
side  glen,  and  also  for  the  limestone  between  the  latter  and 
Crosstobbs.  The  various  geological  phenomena  along  the  base  of 
this  range  cannot  be  accounted  for  by  the  theory,  that  the  traps, 
as  they  there  exist,  are  of  anterior  date  to  the  carboniferous  strata, 
and  that  these  strata  have  been  deposited  against  them. 

If  we  suppose  that  the  above  range  has  been  elevated,  which 
may  have  taken  place  contemporaneously  with  the  volcanic 
eruptions  in  the  valley,  of  wdiich  there  are  evidences  at  Hurlet,  as 
previously  mentioned,  and  also  between  Blackball  and  Hawkhead 
mills,  it  would  appear  that  prior  to  the  elevation,  and  the  conse- 
quent displacements,  that  the  carboniferous  strata  had  extended 
from  the  trap  range  near  Bishop  ton  on  the  north,  to  the  traps 
south    of  the    Levern    vnllov:    nnd    this    sunr>osition    mirrht   also 
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account  for  tlio  geological  phenomena  in  tlic  Johnstone  district. 
By  whatever  causes  these  great  displacements  have  been  occasioned, 
whereby  the  northern  poi-tion  of  the  valley  has  been  elevated  to  iis 
present  position,  it  must  have  been  since  subjected  to  extraordinary 
denudation,  as  it  is  now  at  a  lower  level  than  that  of  the  southern. 
And  if  we  suppose  that  the  upper  strata  of  the  southern  portion 
extended  as  far  north  as  Hurlet  previous  to  the  displacements,  there 
must  have  been  upwards  of  1,500  feet  denuded  away  from  above 
those  now  forming  the  bed  of  the  Levern,  near  Hurlet.  After  the 
elevations,  the  bold  escarpments  formed  would  probably  be  directly  in 
front  of  the  denuding  agent,  as  suggested  by  the  glacial  striae  at  Old- 
bar  and  Crosstobs,  to  which  they  would  soon  give  way  on  account  of 
the  thick  beds  of  clay  slialc  of  which  they  were  composed.  At 
the  western  extremity  of  the  valley  the  glacial  stria?  are  found 
high  on  the  hill  side  due  cast  and  west,  as  well  as  in  the  recent 
railway  excavations,  showing  that  by  this  outlet  between  the 
traps,  had  flowed  the  denuded  debris.  The  origin  of  the  sand- 
stone Ijouldcrs  found  to  the  westward  of  the  Levern  would  thus 
be  accounted  for. 

Trappean  series. — The  rock-masses  forming  the  various  members 
of  the  trappean  scries  within  the  Levern  district,  are  similar  in 
character  and  mineral  composition  to  those  found  in  other  tracts 
of  the  Renfrewshire  trap  hills,  and  evidently  belong  to  the  same 
periods  of  igneous  activity.  At  various  points  along  the  range,  it 
is  seen  that  the  lower  part  of  these  hills,  consist  of  gi'eenish-grey, 
and  reddish-brown  beds  of  volcanic  ash,  which  are  succeeded  by 
amygdaloidal  and  compact  felstones  of  various  colours.  Fine 
grained  gi-eenstones  and  felstone  por[)hp-ies  compose  their  higher 
parts. 

Zeolitic  and  other  minerals  are  found  in  the  trap  at  various 
points,  some  varieties  of  which  are  much  prized  by  collectors. 

At  Boylstone  quarry,  near  Barrhead,  fine  specimens  of  Prehnite 
of  a  rich  gi-een  colour  are  obtained.  This  gi-een  coloiu-  is  due  to 
the  surface  of  the  mineral  being  coated  with  green  carbonate  of 
copper,  which  is  also  found  upon  the  Prehnite  in  the  form  of 
small  round  mammilated  crystals. 

Native  copper  is  also  found  here  in  thin  sheets,  lining  fissures 
and  cavities  in  the  trap.  It  is  not  very  abundant,  specimens  have, 
however,  been  found  at  intervals,  weighing  several  ounces.  Na- 
tive copper  is  of  very  rare  occurrence  in  Britain,  having  only  been 
found  in  a  few  localities. 
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x^^ualcine,  coated  with  miiiute  crystals  of  copper-coloured  iron 
froth,  which  gives  the  mineral  a  beautiful  appearance,  is  also 
found  in  Boylstone  quarry,  along  with  specimens  of  Thomsonite  and 
other  zeolites,  the  latter,  however,  are  of  rare  occurrence  in  this 
part  of  the  district. 

LIST  OF  CAKBONIFEROUS  LIMESTONE  FOSSILS  FOUND  IN  THE 
VALLEY  OF  THE  LEYEKN. 

PLANTyE. 

S2)ecies.  Localities. 

Lepidodendrou  elegans,  Brongn.  Nitshill. 

Sigillaria  orgauum,  Lmdley.  I>o. 

Sphenopteris  bifida,  Lindley.  Do. 

Ulodeudron  minus,  L  bulky.  Do. 

ZOOPHYTA. 

Zaphrentis  patula,  M.  Edw.  Nitahill. 

ECHINODERMATA. 

Actinocrinus,  sp.?  Orchard. 

Archaeocidaris  Urii,  Flem.  Nitshill. 

sp.?  Orchard. 

Hydreionocrinus  globularis,  De  Kon Do. 

Poteriocrinus  crassiis,  Miller.  Do. 

ANNELIDA. 
Setpuhtes  membranaceus,  M'Cuy Arden. 

CRUSTACEA. 

Bairdia  carta  var.  plebeia,  M'Coy Orchard. 

■  subcylindrica,  Milnster.  Do. 

Leperditia  Okeni,  Miinster.  Do . 

Cythere  cuneola;  Do. 

cornigera,  Jones  and.  Kirhhy Do. 

xQuiricovui^,  J  ones  and  Kirhhy Do. 

sp.?  Do. 

Beyrichia  bituberculata,  M^Coy.  Do. 

Kirkbya  radiata, /owe*  «?uZ  A'«'Z;6?/ Do. 

—  Permeana,  t7owe«.  Do. 

. bipartita,  Jones  and  Kirhhy  — Do. 

symmetrica,  Jones  tt-  Kirhhy Do. 
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Ditliyrocaris  tes tudincus,  Scouler Orchard. 

Estheria  punctatella,  Jones.  Arden. 

Griffiitliides  meso-tuberculatus,  M'Coy Orchard. 

Eichwaldi,  Fisch.  sj) Do. 

BRACHIOPODA. 

Athyris  ambigua,  Soio. Orchard  and  Arden. 

plano-sulcata,  PhilL  Arden. 

Chonctes  Hardrensis,  PhilL  Orchard  and  Arden. 

Crania  quadrata,  M'Coy.  Orchard. 

Discina  nitida,  P/ij7/.  Do. 

Lingiila  my tiloides,  Soiv.  Orchard  and  Xitshill. 

S(iuamiformis,  PhllL  Arden. 

Orthis  resupinata,  Martin.  Orchard. 

Productus  cora,  D'Orh.  Arden. 

costatus,  Sow.  Orchard. 

giganteus,  Mart.  Do. 

latissimus,  >S'ou;.  Arden. 

longispinus,  Soiu.  Do. 

Martini,  far.,  Sow.  Do. 

mesolobus,  P/4«7/.  Do. 

punctatus.  Mart.  Do. 

scabricuhis,  Mart.  Do. 

semireticuhitus,  il/ar^ Do.  and  Orchard. 

Yoiingianus,  Davidson Orchard. 

llhynchonella  pleurodon,  Phill. Arden. 

pugnus,  Mart.  Do. 

iSpirifera  bisulcata,  aSoi:;.  Do.  and  Orchard. 

duplicicosta,  Phill.  

glabra,  Mart.  Orchard. 

lineata,  il/aj'^  Do.      and  Arden. 

Urii,  Flem.  Xitshill. 

Spiriferina  var.  octoplicata.  Sow.         Arden. 

Streptorhynchus  crenistria,  Pli ill Orchard. 

'     rar.  radialis,  PA  j.7 Do. 

Terebratula  hastata,  Sow.  Arden. 

LAMELLIBHANCHIATA  (MONOMYARIA). 

Aviculo-pecten  arenosus,  Ph  ill.  Nitshill. 

Pinna  flabellif ormis.  Ma  rt.  Arden. 

Pteronites,  sp.? Do. 
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LAMELLIBRAXOHIATA  (DIMYARIA). 

Area  Lacorclaireana,  De  Kon.  Orchard. 

Axinus  axiniformis,  Phill.  Xitsliill  and  Orchard. 

0 ypricardia  acuticariuata,  A  rmstroivj Orchard. 

rhombea,  PAiV/.  Do. 

Leda  (Ctenodonta)  attenuatum,    Fl Do. 

longirostris,  J/'C.  Do. 

acuta, 'S'ojy.  Do. 

sp.  Do. 

sp.  Do. 

Leptodomiis  costellatus,  M  'Coy.  NitshiU. 

Myalina  crassus,  y^/fe/».  Do. 

Verneiiillii,  Jl'Coy.  Do. 

Xucula  gibbosa,  Flem.  Orchard. 

luciniformis,  Phill.  Do. 

Sanguinolites  iridiuoides,  M'Coy Do. 

Venus,  sp.?  Do. 

GASTEROPODA. 

Chiton,  sp.?  KirTcby  and  Tonny,  Geol. 

Mag.,  vol.  iv.  p.  340, 

pi.  xvi.  f .  7  «,  h,  c,  9 Williamwood. 

Dentalium  priscum,  Gold/.  Orchard. 

Eulima  Phillipsianus,  De  Kon.  Do. 

Euomphalus  pentangulatus,  Sow Arden  ancl  Nitshill. 

carbonarius.  Sow.  Orchard. 

Loxonema,  ;?  s/>.  Do. 

scalaroidea,  P/u7/.  Do. 

Lef ebvrei,  L  Eveille.  Do. 

Macrocheilus  imbricatus,  Soic.  Do. 

Michotianus,  i)e  A'o« Do. 

■ 2  sp. Do. 

Murchisonia,  .§p.  Do. 

striatula,  Z>e  A'o;^  Do. 

Pleurotomaria  Frenoyana,  Dp  Kon Do. 

monilifera,  Phill.  Do. 

Yvsluu,  L.  Eveille Do. 

2  species.  Do. 

Trochus  conif ormis,  De  Kon.  Arden. 
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GASTEROrODA  (NUCLEOBRANCHIATA). 

BcUeroplion  decussatus,  Flcm.  Orchard. 

•  Dumontii,  Z>'6V6.  Nitahill. 

striatus.  Do.      aud  Orchard. 

Leveilleanus,  De  Koii Orchard. 

Vrii,  Flan.  Do.      aud  Nit.shill. 

PTEROPODA. 

Conularia  quadrisidcata,  Sow.  Wauk  Mill  glca. 

CEPHALOPODA. 

Actinoceras  gigantcum,  Sow.  Ardcu  aud  Orchard. 

Cyrtoceras  rugosiun,  Fleni.  Orchard. 

—  unguis,  Phill.  Do. 

Goniatitcs  striolatus,  P/ii7?.  Do. 

excavatus,  P/tj7/.  ^Nitsliill. 

vesica,  Phill.  Orchard. 

Nautilus  iugens.  Mart  Arden. 

subsulcatus,  Phill.  Orchard  and  Nitshill. 

globatus,  Soiv.  Orchard. 

Orthoceras  attenuatum,  Flem.  Do.      and  Nitshill. 

subcentrale,  l)e  Kon.  Orchard. 

undatum,  Fkm.  Arden  and  Nitshill. 

PISCES. 

Cochliodus  magnus,  A<j. A rdeu . 

Megalichthys  Hibbertii,  A(j.  Hurlet. 

Psauimodus  porosus,  Ac/.  Arden, 

Rhizodopsis  minor,  Ag.  Orchard. 


XVII.  Skelch  of  the  Carboniferous  Basin  of  Dalrv,  Ayrshire. 
By  BoBT.  Craig,  Langside,  Beith,  Corresponding  Member, 
Geological  Society  of  Glasgow. 

l.'ead  January  7,  1809.) 

The  part  of  North  Ayrshire  to  which  the  follo^ving  remarks  refer 
is  generally  known,  geologically,  by  the  name  of  the  Dairy  basin. 
It  has  an  area  of  nearly  thirty  square  miles  of  carboniferous  strata, 
is  of  a  triangular  form,  and  lies  in  the  parishes  of  Dairy,  Kilbirnie, 
and  Beith.     The  south-west  angle  extends  into  the  north  of  Kil- 
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winning  parish,  antl,  from  the  other  two  angles,  proceed  long 
narrow  extensions,  the  one  running  into  the  Castlesemple  valley 
to  near  Howood,  Renfrewshii^e,  where  it  is  separated  from  the 
central  Scottish  basin  by  a  narrow  ridge  of  trap.  The  other  angle 
also  extends  into  Eenfrewshire,  by  the  Lugton  valley,  to  Shelford, 
where  another  ridge  of  trap  separates  it  from  the  carboniferous 
strata  of  the  Levern  valley,  the  breadtli  of  the  trap  being  about 
two  miles.  On  the  south  it  is  separated  from  the  main  Ayrshii-e 
basin  by  a  very  large  greenstone  dyke,  whicli  causes  a  displace- 
ment of  the  strata  to  the  extent  of  nearly  200  fathoms. 

It  is  surrounded  on  two  sides  by  hills  formed  of  trap  and  volcanic 
ash,  the  latter  predominating  in  their  base,  the  former  near  their 
summits.  A  very  characteristic  bed  of  ash,  found  in  the  base  of 
the  hills,  extends  beneath  the  lower  limestone,  and  is  found  to 
occur  wherever  the  limestone  is  seen  cropping  out  towards  the  trap 
hills.  Some  of  these  ash-beds  have  a  thickness  of  30  feet,  and  are  of 
an  amorphous  character;  others  have  a  regularly  stratified  appear- 
ance. Sections  of  them  are  to  be  found  in  E.ye  water  and  Swinlees 
burn,  Dairy;  Puduif  burn,  Garnock;  and  Maich  water,  Kilbirnie  ; 
Roebank  water  and  Gateside  burn,  Beith.  The  varieties  of  trap 
in  the  hills  are  not  great,  a  kind  of  porphyritic  clay  stone  predo- 
minating, with  greenstone,  and  a  variety  of  amygdaloidal  porphyry. 
The  greatest  difterence  is  to  be  found  at  Cuffhill,  Beith.  Whatever 
has  been  the  origin  of  this  rock,  it  has  certainly  passed  through  a 
metamorphism  to  which  the  others  have  not  been  subjected.  It 
lies  on  a  higher  horizon  than  the  surrounding  hills,  has  a  porphyritic 
character  near  the  base,  but  as  it  nears  the  summit  it  has  the 
appearance  of  a  highly  indurated  sandstone.  It  easily  splits  into 
thin  flags,  with  a  rough  iiTegular  cleavage.  Outliers  of  the  same 
kind  of  rock  are  found  at  Brownmuir-hill  and  Blalochside. 

Minerals. — These  hills  are  not  rich  in  minerals.  Impure  jasper, 
barytes,  prehnite,  calcareous  spar  and  rock  crystal  are  found  in 
various  ])laces.  Some  fine  specimens  of  the  latter  are  found  at 
Lochridgehills,  Dunlop,  in  an  upthrow  of  columnar  basalt,  the 
finest  section  of  its  kind  in  the  district. 

It  would  be  beyond  the  scope  of  this  paper  to  enter  into  a 
discussion  upon  the  age  of  the  igneous  rocks  of  the  district ;  but 
from  evidence  furnished  by  sections  in  the  various  glens,  it  is 
found  that  the  trap  which  forms  their  summit  has  a  higher  horizon 
than  the  ash  upon  which  the  lower  limestone  rests.     I  consider 
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tlieir  age  to  be  subsequent  to  that  of  tlie  limestone,  and  from  an 
ash-bed  full  of  water-worn  felstone  i)ebbles,  which  lies  in  the 
Kilbirnie  hills  above  the  horizon  of  the  limestone,  they  would 
seem  to  be  of  sub-marine  origin. 

Lower  Limestone. — Sections  of  this  stratum  are  found  cropping 
out  all  around  the  basin  towards  the  hills.  To  the  cast  of  the 
village  of  Beith  it  is  well  developed,  being  above  100  feet  in  thick- 
ness. Taking  this  section  as  a  tnie  representative  of  its  litholog- 
ical  development,  a  full  description  of  it  may  serve  as  a  standard 
of  comparison  with  other  parts  of  the  basin.  The  lowest  carboni- 
ferous deposit  is  a  bed  of  white  clay  about  one  foot  in  thickness.  It 
is  partly  fossiliferous,  pieces  of  carbonised  wood  being  found,  but  no 
marine  remains  as  far  as  I  know.  Over  this  lies  a  bed  of  coal  with 
the  fossil  wood  changed  into  the  sulphuret  of  ii'on.  Above  the  coal 
lies  a  bed  of  shale  three  feet  thick  entirely  composed  of  crushed 
shells,  cemented  together  by  a  clay  paste.  These  make  their 
appearance  so  close  above  the  coal  that  the  under  surface  of  the 
shale  is  often  seen  covered  with  them,  especially  Lingula  and 
Crania.  The  scales,  bones,  and  teeth  of  Ampliicentrum  granu- 
iosum,  originally  described  by  Dr.  Young,  the  president  of  the 
society,  are  mostly  found  in  this  under  layer.  A  number  of 
linely  preserved  teeth  of  Cochliodus  magnns  have  been  found  along 
with  those  of  Petalodus  Ilastingsioiy  Ctenoptychius  serratus,  and 
the  scales  of  Megaliclithijs  Ilibherti  These  are  all  rare  in  this 
shale,  but  the  specimens  are  generally  well  preserved.  Good 
specimens  of  shells  are  found,  the  chief  being  Edmondia  rudis, 
Modiola  elongata,  and  various  species  of  Producti,  especially  in 
the  topmost  layers,  which  become  changed  from  an  argillaceous  to 
a  calcareous  character.  In  the  bottom  layers,  Lingula  and  Crania 
are  in  considerable  abundance,  but  they  soon  disappear  and  are 
afterwards  very  rare  in  the  limestones  of  the  district.  At  Rough- 
wood,  to  the  west,  and  Lyonshield  to  the  east,  of  Broadstone, 
Myalina  crassus  is  the  representative  shell.  This  is  the  more 
worthy  of  note,  as  in  the  quarries  opened  between  these  places 
no  specimens  of  this  shell  are  found.  Near  the  base  of  the  lime- 
stone good  specimens  of  crinoid  stems  are  obtained. 

Above  this  lies  the  limestone  divided  at  Broadstone  by  forty 
feet  of  divisional  shales  into  the  lower  and  upper  beds.  The  "  main 
post"  lies  at  the  bottom  of  the  series,  and  when  microscopically 
examined  is  found  to  be  composed  of  very  small  crinoids,  in  a 
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fine  calcareous  paste.  It  is  the  purest  carbonate  of  the  lowei' 
beds,  and  averages  about  five  feet  in  tliickness.  It  is  not  very 
fossiliferous,  still  Producti  and  Sinrifera^  and  sometimes  large 
specimens  of  Nautilus  and  Orthoceras  have  been  found,  along  with 
fragments  of  Trilohites,  and  various  genera  of  sharks'  teeth,  one  of 
wliich,  Psaimnodus,  first  appears  in  the  Beith  limestones.  Above 
this  lies  the  two  feet  "post."  As  its  name  indicates,  its  average 
deptli  is  tvv^o  feet,  and  it  never  is  found  above  three  feet  in  thick- 
ness. Its  fossils  are  identical  with  those  of  the  main  post,  only  dif- 
fering in  that,  while  the  latter  is  encrinital  in  character,  the  former 
is  composed  of  a  species  of  Lithodendron,  the  upper  half  containing 
scarcely  anything  else.  Over  this  lies  a  calcareous  shale  about  two 
feet  thick,  the  under  half  of  which  is  full  of  corals,  some  of  them 
very  large,  belonging  to  the  genera  Cyathophyllum,  Clisioi^hyllum. 
Zaphrentis,  and  Amplexus.  The  two  latter  are  rather  rare,  but  the 
two  former  may  be  gathered  by  the  bushel  while  removing  the 
under  half  of  the  shale.  Above  this  the  limestone  becomes 
more  impure  and  flaggy.  The  bed  above  the  shale  is  called 
the  "  blue  stone"  post,  from  its  having  a  dark  blue  colour  when 
split  open.  It  is  irregularly  developed,  running  from  two 
feet  to  thii-teen  feet  and  more  in  thickness,  the  changes  taking 
place  at  no  great  distance.  This  bed  is  highly  fossiliferous, 
especially  in  a  bed  of  greyish  coloured  rock,  not  very  regularly 
developed.  It  has  yielded  above  a  dozen  species  of  sharks'  teeth, 
with  shagreen  and  fragments  of  bones.  Among  the  various 
shells  found  in  this  bed  Terehratula  hastata  is  the  most  abundant. 
Above  this,  lies  a  bed  of  coarse,  arenaceous  limestone  of  from  four 
to  ten  feet  in  thickness.  It  is  not  very  fossiliferous  although  not 
void  of  shells,  a  few  specimens  of  Terehratula  and  Spirijera  being 
found  in  it.  Over  this  lie  the  divisional  shales,  forty  feet  in  thick- 
ness, which  vary  greatly  in  character,  consisting  of  hard  calcareous 
shale,  argillo-bituminous,  and  arenaceous  shales,  the  latter  often 
verging  into  a  hard  sandstone  ;  impure  coal  and  one  or  two  beds  of 
ash,  apparently  volcanic,  complete  the  series.  They  do  not  contain 
many  fossils  fit  for  the  cabinet,  the  shells,  though  plentiful,  being 
all  cinished  ;  teeth  of  Cladodus  with  the  scales  of  MegalicJdJnjs  are 
found,  some  of  them  Avell  preserved.  These  latter  are  mostly  found 
in  a  bed  of  calcareous  shale  overlying  the  impure  coal.  An  upper 
stratum  of  limestone  overlies  these  shales,  called  in  the  locality 
''  Hillhead,"  from  being  largely  developed,  and  first  wrought  at 
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that  place.  In  its  lower  part  it  is  in  layers  of  various  thickness, 
with  alternate  thin  layers  of  shale  between  them,  rather  similar  in 
appearance  to  the  "  blue  stone  "  of  the  under  series ;  but  as  it 
neai-s  the  top  the  layers  become  thicker,  and  the  upper  fifteen  feet 
are  about  as  pure  a  carbonate  of  lime  as  we  have  in  the  district.  It 
has  a  depth  of  about  forty  feet,  and  is  so  highly  fossiliferous  that  I 
have  seen  beds  three  feet  in  thickness  entirely  composed  oiProcluctus, 
a  genus  which  predominates  in  all  the  layers,  although  in  the  new 
opening  at  Trearne,  ciinoids  in  a  great  measure  take  the  place  of 
the  Producti.  Beds  of  limestone  are  as  entirely  composed  of  the 
broken  stems  of  the  former  as  those  at  Hillhead  are  of  the  latter. 
Psammodus,  Ctenoptychius,  and  Petalodus,  the  latter  greatly  pre- 
dominating, are  found  in  all  the  layers  similar  to  those  in  the  lower 
beds.  Flint  bands  and  nodules,  evidently  metamorphosed  from 
limestone,  are  found  in  the  upper  beds.  They  contain  the  same 
fossils,  and  in  certain  nodules  where  the  limestone  and  flint  are 
seen  running,  as  it  were,  into  one  another,  a  crinoid  stem  may 
be  obtained  partly  embedded  in  the  limestone  and  partly  in  the 
flint. 

This  concludes  the  section  as  exposed  at  Broadstone.  In  other 
parts  of  the  basin  it  has  nearly  the  same  lithological  development, 
but  in  other  parts  many  of  the  beds  are  altogether  out  of  the  section. 
At  Roebank  Glen,  for  example,  on  the  east  side  of  the  valley,  and 
about  one  mile  north  of  the  village  of  Beith,  the  main-post  and  two- 
feet  bed  is  fully  developed — the  calcareous  shale  and  "  blue  stone  " 
partially  so.  The  forty  feet  of  divisional  shales  is  present  with  the 
ten-inch  impure  coal,  l)ut  the  whole  of  the  upper  limestone  is  awant- 
ing.  At  Netherhouses,  about  a  mile  further  north,  the  same  beds 
are  out  of  the  section;  but  the  "blue  stone"  is  twelve  to  fifteen  feet 
in  thickness,  while  in  Boebank  valley  it  is  little  over  two  feet. 
Again,  on  the  Avest  side  of  the  A'alley  a  section  is  exposed  in 
the  Maich,  a  stream  falling  into  the  north  end  of  Kilbirnie 
Loch,  in  w^hicli  the  whole  of  the  limestones  and  shales  com- 
prising more  than  90  feet  of  strata  are  awanting.  The  section  is 
therefore  reduced  to  the  following,  viz. : — main  post,  two  feet 
thick;  calcareous  shale,  full  thickness;  blue  stone,  one  foot;  the 
coal  with  the  intervening  shale  being  in  position  below  the 
main  post  From  Carse  Bridge  to  this  outcrop  of  the  lower 
limestone,  the  section  is  well  worthy  of  a  visit  from  the 
fijeolodst.     The  stream  has  cut  into  the    strata,  forming  a  glen 
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of  much  beauty,  and  exposiug  about  700  feet  of  strata,  con- 
sisting of  tlie  shales  and  sandstones  of  the  coal  and  ironstone 
measures,  sections  of  both  being  exposed.  Being  a  rapid  muir- 
land  stream  it  is  only  during  dry  weather  in  summer  that  its 
banks  can  be  properly  searched  for  fossils;  but  the  few  shells 
found  are  neither  abundant  nor  in  a  good  state  of  preservation. 

Although  the  limestone  crops  out  all  along  the  hills  at  an 
elevation  of  about  300  feet  above  sea-level,  few  cjuarries  have 
been  opened  showing  good  sections,  owing  to  its  heavy  dip  to 
the  east,  and  to  the  sandstones  and  shales  belonging  to  the  coal 
measures  which  overlie  it  along  this  outcrop.  In  the  Garnock, 
a  greenstone  dyke  has  thrown  it  down,  and  the  only  limestone 
seen  are  pieces  embedded  in  an  overflow  of  the  greenstone.  In 
the  Puduff-burn,  a  small  stream  which  flows  into  the  Garnock, 
near  Kilbirnie,  good  sections  are  exposed,  and  from  Kilbirnie 
to  the  farm-house  of  Dikes,  the  beds  are  seen  to  consist  of 
sandstones,  shales,  and  ironstones.  From  thence  to  near  its  source, 
a  distance  of  nearly  two  miles,  sections  of  limestones  are  seen  in 
ever  varying  form,  in  some  places,  as  at  Auchencloich,  where 
they  rise  into  jDcrpendicular  walls,  the  water  having  cut  a 
channel  of  considerable  depth.  In  other  places,  the  result  of  a 
downthrow,  it  is  lost  in  the  earth,  and  the  water  is  seen  flowing 
over  its  flaggy  surface.  The  limestones  and  shales  exposed  have  a 
thickness  of  about  nmety  feet,  but,  if  we  except  the  two  lower  beds 
they  have  nothing  analogous  to  the  Beith  strata.  These  two  lower 
beds  are  identical,  both  in  lithological  character  and  in  fossils  with 
the  main  bed  and  with  the  two-feet  bed  of  the  Beith  section.  The 
large  series  of  thin  layers  of  limestone,  w^ith  alternate  layers  of 
shale,  has  a  slight  identity  with  the  "blue  stone;"  but  here  the 
identity  ends,  and  we  find  none  of  the  fine  Productus  and 
encrinal  limestone  so  well  developed  at  Beith,  and  the  divisional 
shales  are  also  absent.  A  thin  bed  of  volcanic  ash,  one  foot  six  inches 
thick,  and  which  lies  intercalated  with  the  limestone  thirty-nine 
feet  above  its  lower  surface,  is  probably  equivalent  to  a  bed  of  ash 
which  lies  on  the  same  horizon  at  Broadstone.  But  the  forty -four 
feet  of  limestone  and  shale  which  overtops  the  ash  here,  has  not 
the  slightest  resemblance  to  the  upper  beds  in  the  Beith  section. 
They  appear  to  be  on  the  same  horizon,  with  about  the  same  thick, 
ness  of  strata;  but  at  Beith,  the  rock,  as  it  nears  the  toji,  becomes 
the  purest  carbonate  in  the  basin,  while  here  it  has  degenerated 
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into  thin  layers  of  limestone  witli  alternate  thick  beds  of  calcareous 
shale.  The  limestone  is  not  very  fossi  life  runs,  still  various  species 
of  Productus  are  found,  but  not  very  well  preserved.  Crinoid 
stems  and  corals  are  found,  although  rather  rarely.  Below  the 
main  or  lower  bed,  a  stratum  of  calcareous  shale,  which,  so  far  as 
I  am  aware,  is  unique  in  this  part  of  the  basin,  is  very  fossiliferous. 
It  is  well  exposed  in  the  stream,  a  little  below  the  road  leading  to 
Coldgreen  farm-house.  The  water  has  cut  down  through  it  to  the 
ash  below,  leaving  the  shale  standing  on  each  side  in  walls  twelve 
feet  high.  In  these  side-walls  we  find  examples  of  Productus 
giganteus,  P.  spinulosus,  P.  loyigispinus ;  with  species  of  Spii^i- 
fera  and  Terehratula  lying  in  the  shale  ventral  valve  downmost, 
as  if  they  had  ilourished  in  placid  water,  and  become  silted  up, 
without  ever  being  disturbed  by  wave  or  ripple.  A  break  at 
this  place  has  thrown  down  the  limestone  to  the  depth  of  its  whole 
thickness,  and  it  continues  depressed  until  its  final  ujjthrow, 
against  the  trap  of  Ward  Hill,  at  an  elevation  of  800  feet  above 
sea-level,  the  highest  outcrop  in  the  basin. 

About  two  miles  to  the  south,  at  Howrat,  the  limestone  has 
been  largely  wrought  in  the  upper  beds.  Their  identity  with  the 
same  beds  in  the  Beith  section  is  very  apparent,  but  the  fine 
encrinal  bed  that  copes  the  Beith  section  is  wanting,  and  its  place 
supplied  l)y  a  bed  of  very  fine  limestone,  very  like  one  of  fresh- 
water origin.  In  this  upper  bed  the  fossils  are  rare,  but  the  beds 
below  it  are  very  fossiliferous,  and  their  identity  with  those  in  the 
Beith  quarries  is  evident  from  the  i)resence  of  the  same  genera  of 
shells  and  of  Petalodus,  PscuiDiiodus^  CocJdiodus.  Trilobites  are 
l)lentiful  in  the  quarry  north  of  Howrat  house.  As  the  upper  beds 
only  are  wrought,  no  section  of  the  lower  beds  is  seen ;  but 
about  half  a  mile  to  the  south-west,  on  the  estate  of  Swinlees,  a 
good  section  is  exposed  in  an  old  quarry;  the  two  lower  beds  still 
preserve  theii*  identical  character,  the  small  crinoids  in  the 
main,  and  the  Litliodendvon  in  the  two  feet  bed,  being  their  chief 
component. 

At  Cumiingham  Bedland,  on  the  Rye  Water,  another  good  sec- 
tion is  exposed,  the  u])per  beds,  which  have  been  wrought,  bein^^ 
identical  with  those  of  Hillhead  both  in  fossils  and  lithological 
characters.  The  under  beds  in  llie  Rye  are  slightly  differ- 
ent in  character  from  those  of  Bt!th,  but  the  fossils  are  the 
same.     The  underlying  bed  of  coal  is  absent,  as  it  appears  to  be 
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all  along  this  west  side  of  the  basin,  Maicli  section  excepted,  and 
another  one  at  Cartleburn,  nine  miles  south  of  the  Maich.  In 
all  the  intermediate  sections  it  is  also  absent,  as  well  as  the  over- 
lying argillaceous  shale  so  fossiliferous  at  Beith. 

No  other  good  section  of  the  limestone  is  exposed  on  the  north 
side  of  the  great  break,  but  its  outcrop  can  be  traced  along  the 
hill  side  by  Muilnock  to  Ardrossan.  A  few  openings  occur,  but 
of  little  use  to  the  geologist,  except  in  their  connection  with  the 
breaks  and  denudation  of  the  basin,  which  will  be  noticed  under 
that  head. 

On  the  south  side  of  the  large  dyke  which  has  caused  the  break, 
and  where  the  lower  limestone  has  been  brought  to  the  surface 
from  the  depth  of  about  200  fathoms,  good  sections  are  ex])osed  at 
Cartleburn,  Auchenskeoch,  Auchenmade,  and  in  various  places  on 
the  Dusk  Water.  In  all  these  places  the  upper  beds  are  present 
as  at  Hillhead.  The  section  exposed  at  Auchenskeoch  is  60  feet 
in  thickness ;  the  lower  bed  is  of  the  same  character  as  at  Beith ; 
the  two  feet  post  and  blue  stone  have  each  lost  their  distinguish- 
ing character,  and  have  become  identical  with  the  main  bed ;  the 
divisional  shales  are  present,  reduced  to  10  feet,  and  also  the  upper 
limestone,  although  in  some  places  much  denuded.  At  Auchen- 
made the  whole  series  of  coal,  lower  beds,  divisional  shales,  and 
upper  beds,  are  exposed  as  at  Beith.  In  the  Dusk,  a  stream 
which  runs  on  the  south  of  the  gi^eat  break  and  parallel  to  it,  from 
where  it  debouches  into  the  Gamock  to  Bankhead,  Dahy,  good 
sections  are  exposed  in  its  banks  near  to  Blair  mill,  Dairy,  Nettle- 
hirst,  and  Hazlehead,  Beith.  In  Cleaves  glen,  beloAv  Blair  mill, 
some  fine  natural  caves  occur  in  the  upper  beds,  lying  about 
twenty  feet  above  the  bottom  of  the  burn.  The  entrances  are 
not  very  large.  The  eastern  one  is  4J  feet  broad  in  the  bottom, 
but  narrows  into  a  mere  crevice  at  a  height  of  7  feet.  At  29 
feet  from  its  entrance,  another  chamber  turns  off  to  the  E.N.E. 
(the  entrance  is  due  south),  and  continues  so  for  49  feet,  leading 
into  a  large  chamber,  30  feet  long,  10  feet  broad,  and  6  feet  high. 
Others  of  smaller  area  exist,  and  the  sides  are  covered  with  a 
stalactitic  deposit,  which  has  a  very  beautiful  appearance  when 
the  caves  are  lighted  up.  The  section  is  weU  worthy  of  a  visit 
from  the  geologist,  but  the  whole  course  of  this  stream,  from 
Cleaves  coves  to  Hazlehead,  a  distance  of  five  miles,  is  of  great 
geolofTjical  interest,  and  is  well  adapted  for  instruction  in  pliysical 
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geology.  I  am  sure  even  Col.  Greenwood  would  acknowledge 
that  other  causes  than  air,  rain,  and  river  liave  been  at  work  raising 
and  sinking  the  strata,  while,  at  the  same  time,  he  would  rejoice 
to  see  that  his  favourite  trio  had  heen  at  work  as  finishers  and 
polishers  to  the  rough  moulding  of  the  more  potent  force.  ALove 
Blaii'-mill  the  limestone  is  thrown  down,  and  the  coal  measures 
appear.  This  continues  to  near  Pencott,  when  the  limestone  again 
comes  to  the  surface,  and  continues  so  to  Auchenmade,  after  which 
the  coal  measures  again  appear  to  near  Nettlehirst,  when  the 
limestone  again  becomes  the  surface  strata,  spreading  away  to 
the  south-east  into  Dunlop,  and  north-east  into  Neilston,  and 
finally  cropping  out  near  Shelford.  In  this  angle  of  the  basin 
various  sections  are  exposed.  These  mostly  contain  the  lower 
beds,  but  at  Old  mill  and  Biggai-t,  Beith,  and  at  Waterland, 
Dunloj),  the  upper  beds  are  present.  From  Old  mill  the  out-croj) 
of  the  limestone  is  traced,  the  strike  running  north-west  back  to 
the  quarries  at  Broadstone. 

We  have  now  traced  the  outcrop  of  the  lower  beds  of  the  basin, 
and  in  turning  to  the  area,  within  the  boundary  described,  we  find 
in  one  place  strata  overlying  the  lower  limestone  to  the  extent 
of  more  than  200  fathoms.  This  thickness  of  strata  lies  in  the  south- 
west angle  of  the  basin,  above  the  Linn,  Dairy,  and  consists  as  fol- 
lows : — shales  and  sandstones  resting  upon  the  lower  limestone,  30 
fathoms;  clay-band  ironstone,  1  foot  4  inches;  shales  and  sand- 
stones, 30  fiithoms  ;  black-band  ironstone,  1  foot  8  inches;  volcanic 
ash,  about  100  fathoms;  Highfield  limestone,  G  feet;  shales  and 
fiaggy  sandstone,  11  fathoms;  limestone,  4  feet;  flaggy  sandstones 
and  shales,  24  fathoms ;  lower  Linn  limestone,  3G  feet;  flaggy  sand- 
stones, 48  feet;  upper  Linn  limestone,  42  feet;  sandstone,  3G  feet; 
shale  30  feet.  These  strata  have  not  a  very  extended  area  in  the 
basin,  but,  as  above  stated,  cover  only  a  small  part  of  its  south- 
west angle.  The  Linn  limestones  have  a  limited  area,  and  the 
volcanic  ash,  which  cuts  out  al)Out  GO  fathoms  of  carboniferous 
strata  intervening  between  the  Highfield  limestone,  and  the  black - 
band  ironstone,  thins  out  as  it  crosses,  and  extends  up  the  valley 
until,  at  Drakemii-e,  distant  little  over  two  miles,  it  is  only  2 
fathoms,  and  shortly  disappears  altogether.  It  is  of  a  gi'eenish 
colour,  argillaceous,  with  layers  of  claystone,  and  is  very  similar 
to  the  ash  which  underlies  the  lower  limestone.  On  the  east  side 
of  the  basin  it  is  awanting,  and  the  space  between  the  Highfield 
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limestone  and  black-band  ii'onstone  is  filled  with  sandstone,  beds 
of  coal,  and  shales. 

Next  to  the  lower  limestone  the  clay-band  ironstone  has  the 
gi'eatest  range,  but  owing  to  the  irregular  upheaval,  or  depression 
and  upheaval  combined,  it  is  broken  up  into  a  series  of  small  basins 
witliin  the  limestone  area.  The  largest  basin  lies  in  the  main 
valley  at  Dairy,  up  which  it  extends  as  far  as  the  north  end  of 
Kilbii-nie  loch,  if  it  does  not  continue  farther,  joining  the  Loch- 
winnoch  basin,  which  I  think  very  probable.  After  passing  Beith 
station  it  continues  on  to  the  north-east  end  of  Lochwinnoch  loch, 
cropping  out  a  little  inside  of  the  limestone  outcrop,  and  continuing 
thus  all  along  the  west  side  of  the  valley.  On  the  east  side  it 
extends  along  the  north  side  of  the  great  break,  as  far  as  Drum- 
bome,  Beith,  extending  to  the  north  as  far  as  Brackenhills, 
Windyhouse,  and  Bogston,  and  is  found  in  outliers  at  Bar, 
Balgray,  Caldwell,  and  Lochlibo. 

The  blackband  ironstone  has  a  more  limited  range.  It  is 
developed  in  the  main  valley  around  the  village  of  Dairy,  extend- 
ing up  the  valley  as  far  as  Mains,  Beith.  It  is  also  well  developed 
on  the  west-side  of  the  valley,  but  on  the  east  side  it  is  not 
workable  farther  than  Highfield,  although  it  continues  in  a 
nodular  state,  and  soon  thins  out.  The  clayband  has  a  very 
uniform  depth  of  16  inches,  but  the  black  band  is  very  iiTCgular, 
varying  from  6  inches  to  3  feet,  although  1  foot  8  incites  is  near 
the  general  average  thickness. 

In  the  centre  and  east  side  of  the  valley,  about  40  fathoms 
above  the  blackband,  there  is  a  bed  of  coal  of  from  three  to  six 
feet  thick.  This  stratum  is  more  broken  up  than  the  ironstones. 
The  main  basin  lies  in  the  centre  of  the  valley,  and  along  its  west 
side  as  far  north  as  Mains  of  Kilbirnie.  On  the  east  it  extends 
along  the  north  side  of  the  great  break  as  far  as  Whitespot,  Beith. 
Its  average  breadth  along  the  north  side  of  the  break  is  not  more 
than  a  mile.  But  it  is  found  in  outliers  at  Meadowhead,  Kers- 
land,  and  Auchengi'ee,  Dairy;  and  at  Coalburn,  Lambar,  Balgray 
Bar,  Drumbuie,  and  Caldwell,  Beith;  Carse  and  Lochside,  Loch- 
winnoch, and  at  Lochlibo,  Neilston.  For  the  most  part  these  are 
small  synclinal  basins  with  their  longest  axes  rimning  north-east. 
Bar,  Balgray,  and  Lochlibo  are  of  this  description,  the  strata 
in  the  two  former  being  thrown  almost  upon  edge  along  the 
southeni  side  of  the  basin.     This  is  caused  by  an  outburst  of 
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trap  wliich  niiis  parallel  to  their  longest  axes.  The  whole  strata, 
including  the  lower  limestone,  is  tilted  up  edgeways  to  the  surface, 
and  dips  almost  perpendicular  for  more  than  150  fathoms. 
Coalburn  and  Meadowhead  basins  have  their  longest  axis  nearly 
east  and  west.  As  already  mentioned,  the  main  coal  has  a 
thickness  of  six  feet,  but  varies,  being  sometimes  reduced  to 
three,  and  is  found  of  every  thickness  between  these  two. 
In  the  pit  section  at  Wheatyfauld,  given  at  the  end  of  this 
papL-r,  it  will  be  seen  that  a  number  of  thin  beds  of  coal 
lie  both  above  and  below  the  main  coal.  These  are  mostly  too 
thin  on  the  west  side  of  the  basin  for  working,  although  two  of  them 
are  sometimes  wrought,  and  like  the  main  coal  are  of  variable 
thickness.  At  Lambar  three  beds  were  wrought — the  Smithy 
coal,  two  feet  thick,  18  fathoms  below  the  Highfield  Limestone; 
the  Main  coal,  4i  feet,  four  fathoms  below  the  smithy  coal ;  and 
the  stony  coal,  3J  feet,  ten  fathoms  below  the  main  coal.  On 
the  west  side  of  the  basin  at  Mains,  Kilbii-nie,  a  gas  coal,  one 
foot  thick,  lies  nine  fathoms  above  the  main  coal.  This  latter  is 
found  at  Bar  and  other  places,  and  a  thin  bed  of  gas  coal  is 
found  below  the  Main  coal  at  Caldwell. 

The  sandstones,  which  lie  both  above  and  below  the  main 
coal,  are  wrought  in  various  parts  of  the  basin,  as  at  Swinlees, 
Swindridge,  Barkip,  and  other  places.  They  make  a  durable  build- 
ing stone,  but  are  all  very  much  impregnated  with  the  oxide  of 
iron,  due,  no  doubt,  to  the  ironstone  balls  found  mixed  with  them. 
The  limestone  overlying  this  sandstone  has  been  wrought  at  High- 
field  and  Swindridge,  from  which  place  it  takes  its  name.  The  lime- 
stone and  shale  in  connection  form  a  stratum  12  feet  in  thickness. 
The  main  bed,  five  feet  thick,  is  not  very  fossiliferous,  but  the 
shales  yield  Belkrophon  Urii  in  abundance;  a  few  Froducti,  and 
large  numbers  of  Nucula  gibbosa ;  corals  are  rare,  crinoids 
stems  common.  This  limestone  has  a  limited  range  along  the 
south  side  of  the  basin,  but  is  found  in  the  pits  throughout  the 
valley  about  Dairy,  and  along  the  west  side  of  it,  and  in 
most  of  the  detached  basins.  The  four  feet  limestone  which 
lies  eleven  fathoms  above  the  latter,  is,  so  far  as  I  am  aware, 
wrought  only  at  Bankhead  and  Bourtrapping.  It  is  very  fossil- 
iferous, and  much  resembles  some  beds  of  the  lower  limestone  in 
the  abundance  of  Froductiis,  Terebrafida,  and  Athyris.  At  Bour- 
trapping Gri^iflndes  mesotuberculalus  is  found  in  great  numbers. 
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This  limestone  is  easily  recognised  by  a  thin  layer  of  calcareous 
sandstone,  M'hich  underlies  it,  filled  with  crushed  Producti  and 
other  shells,  and  it  is  the  only  shell-bearing  sandstone  in  the 
basiu  with  Avhich  I  am  acquainted.  It  is  found  in  the  valley 
aro\ind  Dairy,  but  is  chiefly  confined  to  the  south  and  south-west 
part  of  the  basin ;  and  although  four  feet  is  its  general  thickness, 
it  is  found  at  Bankhead  eight,  and  at  other  places  less  than  four 
feet.  Twenty-four  fathoms  above  this  bed,  and  immediately  below 
the  lower  Linn  limestone,  is  a  bed  of  coal  of  from  two  to  ten  feet 
in  thickness.  It  is  entirely  confined  to  the  south-west  angle 
of  the  basin,  and  has  a  very  limited  range.  Over  this  coal  lie  the 
Linn  limestones,  divided  into  upper  and  lower  by  48  feet  of  flaggy 
sandstone  and  shale.  These  limestones  have  a  respective  thickness 
of  42  and  36  feet,  but  are  not  persistent,  and  of  very  limited  range. 
The  upper  is  confijied  to  the  Limi  glen  and  a  small  area  around 
it;  the  lower  extends  beyond  this  area,  and  becomes  reduced,  being 
found  in  one  jDit  near  to  Linn  Bridge  7  feet  thick.  Neither  of  the 
beds  are  very  fossiliferous,  but  various  species  of  Producti  may  be 
obtained  alongT\T.th  Streptorhynchus  crenistria  and  a  species  of  Pe  cten. 
They  are,  however,  rather  rare,  and  generally  not  well  preserved. 
These  beds  are  very  impure,  and  of  little  commercial  ^-alue. 
Thirty-six  feet  of  coarse  thick-bedded  sandstone,  nearly  amorphous, 
coped  by  30  feet  of  argillaceous  shale,  comj^lete  the  carboniferous 
strata  found  in  the  basin.  These,  like  the  under-lying  limestone, 
are  of  limited  extent,  being  only  found  in  a  small  area  in  this 
angle  of  the  basin. 

Boulder  C7«y.— Throughout  the  basin  this  deposit  is  well  repre- 
sented, and  from  the  several  quarries  Avi^ought  and  pits  sunk 
there  are  good  opportunities  for  studying  it.  The  striation  on  the 
rock-surfaces  has  a  north-east  and  south-west  bearing,  and  the 
boulders  prove  that  the  transporting  force  has  come  from  the 
north-east.  From  observation,  20  per  cent,  of  the  boulders  have 
been  canied  from  distances  exceeding  five  miles  from  the  localities 
where  they  now  are  found,  while  the  other  80  per  cent,  may 
safely  be  said  not  to  have  travelled  a  greater  distance  than  from 
one  to  five  miles.  The  former  are  old  red  sandstone,  mica 
schist,  clay  slate,  gneiss,  quartz,  and  granite — the  latter  rare. 
These  are  generally  of  small  size,  of  an  oblong  form,  polished  all 
around,  and  often  striated.  In  the  district  there  are  two  distinct 
and  easily  distinguished  beds  of  this  deposit.     The  undermost  is  a 
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very  tough  clay  of  a  dark  blue  colour,  full  of  stones,  some  of  thera 
large  and  generally  striated,  while  the  upper  is  more  loose,  has  a 
reddish  tinge,  with  boulders  of  a  smaller  size,  and  less  striated. 
These  beds  are  sometimes  divided,  as  at  Ovei-towu,  Beith,  by  a 
seam  of  fossiliferous  clay ;  in  other  places  the  upper  rests  directly 
upon  the  lower,  and  in  two  different  sections  where  this  occui-s  I 
found  in  the  line  of  division  a  species  of  moss.  It  would  be  out  of 
place  in  a  paper  of  this  kind  to  theorise  upon  the  origin  of  this 
deposit,  still  I  may  state  that  while  the  lower  bed  may  be  from 
debris  accumulated  by  the  flow  of  land  ice,  the  ujjper  bed  bears 
strong  evidence  of  being  an  aqueous  deposit. 

Change  of  Levels  and  Denudation. — Throughout  the  basin  the 
evidences  of  a  change  of  level  are  very  striking.  We  find  that 
the  lower  limestone  is  all  but  an  unbroken  bed  within  the  area 
described,  if  we  except  the  intersection  of  gi-eenstone  dykes ;  but,  as 
already  shown,  the  ironstones  and  coal,  with  the  other  upper  strata, 
are  broken  up  into  a  series  of  detached  basins.  That  this  state 
has  been  caused  by  alteration  of  level  and  the  work  of  denudation 
carrying  off"  the  upheaved  strata,  will  be  best  understood  by  select- 
ing a  bed  and  noticing  its  present  position  above  or  below  sea 
levels  in  conjunction  with  the  land  surface.  Thus,  taking  the 
lower  limestone,  and  Dairy  as  the  starting  point,  it  being  in  the 
axis  of  gi'eatest  dip,  we  find  that  the  bottom  of  this  stratum  is 
nearly  800  feet  below  sea  level;  while  at  Coldgreen,  or  Ward- 
hill,  on  the  Puduff  burn,  it  lies  about  the  same  distance  above  it. 
Here,  in  a  line  less  than  five  miles  in  length,  we  have  a  difference 
of  IGOO  feet  in  the  position  of  this  stratum — nearly  the  height  of 
the  Mistylaw.  If  we  take  a  line  across  the  valley  from  Maich  to 
Broadstone,  we  find  the  limestone  cropping  out  at  both  places 
about  300  feet  above  sea  level;  while  at  Carse,  in  the  centre  of 
the  valley,  the  ground  is  90  feet  above  sea  level,  and  the  bottom 
of  the  limestone  500  feet  below  it.  Here,  again,  in  a  line  not  more 
tlian  four  miles,  we  have  800  feet  of  difference  in  the  position  of 
this  under  stratum.  Again,  if  we  take  a  line  from  Broadstone  to 
Nettlehirst,  passing  through  the  Bar  basin,  and  from  Nettlehirst 
to  Auchenmade,  passing  through  the  Drumbuie  basin,  we  find  the 
same  result.  Then,  if  we  take  the  clayband  ironstone,  and  draw 
a  line  across  the  valley,  about  two  miles  north  of  Dairy,  from 
Swinlees  to  Wlieatyfiiulds,  passing  Hagsthorn  and  Crossroads,  it 
will  be  found  that  at  Swinlees  the  clayband  crops  out  at  an  eleva- 
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tiou  of  300  feet  above  sea-level  and  close  to  tlie  surface ;  in  a  pit 
in  the  centre  of  the  valley,  and  a  little  south  of  Hagsthorn,  it  is  600 
feet  below  the  surface,  and  above  500  feet  below  sea-level.  At 
Crossroads  we  find  it  only  78  feet  below  the  surface  and  rather 
more  than  200  feet  above  sea-level,  and  at  Wheatyfaulds  it  is 
about  600  feet  below  the  surface  and  300  feet  below  sea-level. 
Examples  could  be  given  of  a  like  kind  throughout  the  entire 
basin,  but  enough  has  been  given  to  show  tbe  gi-eat  changes  in 
levels  within  short  distances,  and  the  immense  denudation  of 
strata  that  has  taken  place.  At  Hagsthorii  and  Wheatyfaulds 
the  strata  are  about  equal  in  thickness,  while  at  Crossroads, 
between  these  two  places,  500  feet  of  strata  have  been  denuded. 
The  general  dip  of  the  basin  is  south,  and  we  find  that  the  greatest 
denudation  has  taken  place  in  its  northern  extremity,  excepting 
always  the  depressed  basins  ;  but  as  a  rule  we  find  that  the  higher 
that  the  bed  lies  above  sea-level  the  greater  has  been  the  denuda- 
tion, and  vice  versa.  The  lower  that  the  bed  is  found  below  sea- 
level,  the  denudation  has  been  the  least.  It  would  be  hazardous 
to  state  the  amount  of  strata  that  has  been  denuded  in  the  valley. 
At  Wheatyfaulds,  close  to  the  gi'eat  break,  the  main  coal  lies  at 
45  fathoms  below  the  surface  ;  and  in  the  valley  south  of  Kilbirnie 
station,  the  whole  of  this  strata  is  absent,  and  the  surface  strata  is 
the  sandstone  and  shale,  which  lies  immediately  below  the  main  coal. 
How  far  the  strata  that  comprehends  the  Linn  limestones  and 
shales  extended  originally  would  now  be  a  difficult  matter  to 
determine,  but  from  the  position  which  they  now  lie  in,  we  may 
safely  suppose  them  to  have  had  a  surface  compared  to  which  their 
present  one  is  a  mere  fragment.  Taking  the  beds  at  present  above 
Linn,  we  have,  as  already  noticed,  230  fathoms  of  strata  from  the 
surface  to  the  bottom  of  the  lower  limestone.  And  from  there  to 
Broadstone,  where  the  lower  limestone  crops  out,  all  this  strata  is 
thro^^^l  ofi*  stratum  by  stratum,  until  we  find  the  loAver  limestone 
at  its  outcrop  thimied  away  to  one  foot  w^here  it  is  not  preserved 
by  depression.  From  Linn  to  Broadstone  is  little  more  than  five 
miles,  north  by  east.  That  this  large  amount  of  denudation  lias 
been  caused  in  a  great  measure  by  change  of  level  will  be  apparent 
to  any  one  wdio  observ^es  the  depth  of  the  strata  found  at  different 
points  on  the  two  lines  we  have  given  above. 

Greenstone  Dykes.  —  Various   greenstone    dykes   intersect   the 
strata  throughout  the  basin.     The  first  and  greatest  of  these  is  the 
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large  one  wliicli  crosses  the  valley  from  Monkcastle  to  Bunkhead, 
Its  direction  is  nearly  from  Boutli-west  t(j  north-east,  as  far  as 
Pencott,  when  it  branches  in  a  south-east  direction,  and  the  other 
to  Bankhead,  where  it  tei-minates.  In  some  places  it  has  a 
breadth  of  300  feet,  although  this  may  be  due  to  an  ovei-flow  at  the 
time  of  outburst.  Another  dyke  appears  to  branch  off  from  this 
one  near  Monkcastle,  and  taking  a  north  direction,  intersects  the 
strata  to  the  west  of  Dairy,  without  causing  any  amount  of  disj )lace- 
ment  of  the  strata,  in  the  southern  part  of  the  basin.  Its  real 
breadth  is  from  ten  to  fifteen  feet,  but  it  is  evidently  an  overflow, 
as  it  covers  more  breadth  on  the  surface.  Other  dykes  of  lesser 
extent,  one  near  Borestono,  and  the  other  close  to  Linn  Bridge, 
traverse  the  strata  about  Dairy,  but  there  are  few  which  cause 
trouble  to  the  mining  engineer.  In  the  northern  part  they  are  more 
various,  and  three  of  them  large.  Tiie  southernmost  twenty-five 
feet  broad, — crosses  to  the  south  of  Koughwood,  intersecting  the 
Whitespot  coal  field,  and  apparently  joins  the  large  dyke  at  Bank- 
head.  About  a  mile  north  of  this  one,  another  large  dyke,  sixty 
feet  broad,  crosses  about  the  centre  of  Kilbirnie  loch  running  south- 
cast,  through  the  Bar  basin,  and  on  tow^ards  Dunlop.  Another, 
thirty  feet  Inroad,  runs  parallel  to  this  latter  one,  at  a  distance  of 
about  two  miles  farther  north.  A  great  number  of  smaller  dykes 
run  between  these,  apparently  crossing  sometimes  from  the  one  to 
the  other,  and  at  other  times  starting  from  one  of  the  larger  ones, 
and  making  a  course  something  like  a  half-bent  bow,  returning  to  it 
again ;  one  four  feet  broad,  which  passes  Langside,  is  of  this  kind  ; 
others  appear  to  be  mere  fissures  of  no  great  length,  filled  with  the 
greenstone.  The  coal  along  the  sides  of  these  dykes  is  changed 
into  anthracite,  in  some  places  burned  so  as  to  be  useless.  These 
are  the  principal  dykes  which  traverse  the  carboniferous  strata. 
To  enumerate  the  whole  of  them,  which  are  traceable  in  the 
district,  would  be  out  of  the  scope  of  this  paper. 

Fossils. — From  the  cursory  manner  in  which  I  have  noticed  the 
fossils  found  in  the  various  beds,  and  from  the  table  of  fossils 
given  at  the  end  of  the  paper,  it  will  be  seen  that  the  carbonifer- 
ous strata  in  the  district  are  quite  unfossiliferous.  The  lower 
limestone  has  produced  about  thirty  genera  and  above  fifty  species 
of  shells,  and  about  a  dozen  species  of  palate  t^eth.  Shagreen  and 
fragments  of  bone  are  also  found  in  all  parts  of  the  basin,  but  as 
yet  the  Beith  quarries  have  yielded  the  largest  number.       The 
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sandstones  yield  fragments  of  Calamites  eannceformis,  Lepido- 
dendron  elegans,  Stiymariay  Slgillaria,  and  others.  In  some 
beds,  ferns  are  found,  and  a  reed-like  plant  is  very  common, 
altliougli  not  generally  well  preserved.  The  shales  which  divide 
the  sandstone,  ironstone,  and  coal  are  not  very  fossiliferous 
as  far  as  they  have  been  examined ;  but  in  the  layers  which  over- 
lie the  ironstones  and  coal,  j^alate  teeth  and  spines  are  found,  but 
not  in  great  abundance  considering  the  mining  operations  so  long 
in  progress,  and  yet  if  the  miners  would  take  the  trouble  to  pre- 
serve them  when  found,  many  new  and  rare  forms  would  be  yielded 
of  value  to  the  palseontologist.  Eizodus  Hihherti  has  been  found  in 
the  shale  overlying  both  the  ironstones  and  the  main  coal,  proving 
its  extent  of  range.  In  the  great  body  of  the  shales  which  divide 
these  beds,  the  opportunity  of  looking  for  icthyolites  is  not  great, 
as  they  are  never  opened  to  any  extent  except  in  sinking  pits,  and 
the  sinkers  do  not  trouble  themselves  much  about  them;  but  as 
coprolites  have  been  detected  in  most  of  the  beds,  I  have  no  doubt, 
with  better  opjoortunities,  teeth  and  sj)ines  would  also  be  found. 

In  the  lower  limestone,  corals  are  both  abundant  and  of  large 
size,  while  in  the  Highfield  and  Linn  beds  they  are  rare  and 
diminutive,  and  the  almost  total  absence  of  encrinites  in  the  latter 
is  very  remarkable.  Remains  of  fossil  wood  exist  in  all  the  sand- 
stones, but  are  most  abundant  at  Swinlees,  Swindridge,  and  Auch- 
engi-ee,  A  four-feet  bed  underlying  the  Linn  coal  is  very  full  of 
plant  remains,  but  badly  preserved. 

Conclusion. — The  foregoing  is  a  short  vidimus  of  observations 
made  in  this  important  little  district  To  have  given  a  minute 
detail  of  its  geological  structure  would  have  occupied  a  much 
more  extended  paper;  however,  I  trust  that  enough  has  been 
said  to  interest  the  o-eolo^Qst.  And  to  those  who  wish  to  become 
thorouglily  acquainted  with  all  its  geological  phenomena,  I  can 
offer  no  better  advice  than  recommend  tliem  to  a  study  of  this 
little  volume  of  nature  lying  partially  open  in  the  hills,  the  quar- 
ries, and  glens  of  the  district. 


CRAIG— CARBONIFEROUS    BASIN    OF    DALRY, 


287 


Ko.  1. — Journal  of  strata  passed  through  iii  sinking  a  pit  at  WheatyfaulJ, 
Dairy,  referred  to  in  the  foregoing  paper  : — 


Fa.  Ft. 

In. 

1 

Fd.  Ft.  In. 

Surface, 

.     0    0 

0 

'   Arenaceous  shale,     . 

.     0    0  10 

Limestone, 

.     0     3 

0 

'    Sandstone, 

.     0     1     G 

Argillaceous  shale,   . 

.     1     0 

0 

1    Carbonaceous  shale. 

.     0    4    G 

Sandstone, 

1     2 

0 

Coal, 

.008 

Arenaceous  shale,     . 

.     2     5 

0 

Brown  stone. 

.002 

Sandstone, 

.     0     5 

0 

Coal, 

.     0    0  10 

Arenaceous  shale,     . 

0     1 

G 

Argillaceous  shale, 

.016 

Sandstone, 

2    2 

0 

Sandstone, 

0     2     G 

Arenaceous  shale,     . 

0     li 

0 

Arenaceous  shale,     . 

(J     1     8 

Sandstone, 

2    0 

4 

Coal, 

.008 

Argillaceous  shale,    . 

2     1 

G 

Sandstone, 

1     5     3 

Sandstone, 

2    4 

0 

Do.,         flaggy,    . 

.026 

Argillaceous  shale,   . 

1     1 

11 

Carbonaceous  shale. 

.046 

Sandstone, 

1     -A 

5 

Fireclay, 

.030 

Limestone, 

0     0 

9 

Arenaceous  shale,     . 

0     1     8 

Sandstone, 

0     1 

() 

Main  coal. 

0    o     G 

Arenaceous  shale,     . 

.     1     0 

G 

Fireclay,  with   ironstone 

Argillaceous  do., 

1     2 

G 

balls. 

0    3     0 

Arenaceous     do.. 

1     1 

0 

Argillaceous  shale. 

2     0     0 

Argillaceous  do.. 

2    2 

G 

Impure  limestone, 

0    2     6 

Arenaceous    do. , 

0     1 

0 

Argillaceous  shale,    . 

.008 

Calcareous      do.. 

0     1 

8 

Coal, 

0     1     4 

Ilighfield  limestone, 

1     0 

G 

Sandstone, 

1     1     4 

Arenaceous  shale,     . 

0    0 

8 

Do.,         flaggy,    . 

0     2     G 

Argillaceous  do. , 

1     0 

G 

Argillaceous  shale, 

0     1  10 

Sandstone,  hard. 

0    2 

G 

Sandstone, 

I     .J     6 

Arenaceous  shale,     . 

0    5 

9 

Do.,         flaggy,    . 

0     2     6 

Argillaceous  do.. 

0     1 

0 

Argillaceous  shale,    . 

2    0     0 

Sandstone, 

0    3 

0 

Sandstone, 

2    4     0 

Arenaceous  shale,     . 

0     1 

0 

Do.,         flaggy,    . 

0    5     0 

Sandstone, 

3    0 

G 

Argillaceous  shale,   with 

Do.,         flaggy,   . 

0    4 

G 

hard  bands  in  it, 

3    o    4 

Argillaceous  shale. 

0     1 

2 

Conglomerate, 

1     0    2 

Coal,         .         .         .         . 

0     1 

0 

Sandstone, 

0     3     2 

Fireclay, 

0     2 

G 

Do.,         flaggy,  . 

0    2     8 

Argillaceous  shale. 

0     2 

G 

Coal, 

0    0     3 

Coal, 

0     1 

0 

Sandstone, 

2     2    0 

Arenaceous  shale,     . 

0     0 

4 

Do.,         flaggy,    . 

0     1     6 

Sandstone, 

0    4 

0 

Ai-gillaceous  shale. 

2    0     6 

Do.,        flaggy,   . 

0     1 

0 

Ironstone, 

0    0    4 

Coal,        .        .         .         . 

0     1 

0 

Argillaceous  shale. 

0     3    4 

Argillaceous  shale,    . 

0     0 

8 

Black-band  ironstone. 

0    0    2 

Coal, 

0    0 

6 

Coal,        .         .         .         . 

0    0     8 

Sandstone, 

0    3 

C 

Fireclay, 

GOG 
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f^ 

Fa. 

Ft. 

In. 

Fa. 

Ft] 

[n. 

Argillaceous  shale, 

0 

3 

6 

Sandstone, 

.     1 

5 

0 

Coal,         .... 

0 

0 

o 

Do.,         flaggy,    . 

.      1 

1 

6 

Sandstone,  flaggy,    . 

0 

8 

0 

Argillaceous  shale, 

.     4 

5 

1 

Argillaceous  shale, 

1 

0 

0 

Ironstone, 

.     0 

0 

5 

Ironstone, 

0 

0 

6 

Argillaceous  shale, 

.     0 

4 

1 

Clay,         .... 

0 

1 

0 

Ironstone, 

.     0 

0 

5 

Ironstone, 

0 

0 

6 

Argillaceous  shale. 

.     3 

0 

0 

Argillaceous  shale, 

1 

0 

0 

Ironstone, 

.     0 

0 

8 

Sandstone,  flaggy,    . 

0 

o 

0 

Sandstone,  hard. 

.     0 

1 

8 

Argillaceous  shale, 

1 

s 

0 

Argillaceous  shale. 

.     0 

3 

1 

Mussel-band, 

0 

0 

6 

Ironstone, 

.     0 

0 

5 

Sandstone,  flaggy,    . 

0 

3 

0 

Argillaceous  shale, 

2 

2 

0 

Argillaceous  shale, 

1 

G 

0 

Ironstone  (clay-band). 

.     0 

I 

3 

Dark  sandstone, 

0 

o 

0 

Coal,         .... 

0 

1 

0 

94 

5 

7 

XoTE. — The  foregoing 

jou 

rna 

1  w? 

S  taken  during  the  sinkinr 

'  of  the  Main 

coal,  and  afterwards  from  a  bore  put  down  to  the  clay-band  ironstone.  It 
may  be  taken  as  correct,  in  noting  the  different  strata  that  overlie  the  clay- 
band  ii-onstone  throughout  the  basin.  In  some  places  the  shales  are  thicker, 
and  the  sandstones  thinner,  and  vice  versa,  but  the  same  alternation  of  shales, 
sandstones,  &c.,  is  found  all  throughout  the  main  as  well  as  the  outlying 
basins. 


Xo,  2.— Journal  of  strata  taken  during 
bore,  being  nearly  the  same  b 


the  sinking  of  a  shaft  and  part  of  a 
IS  in  Langlands  pit,  Dairy. 


Fa.  Ft.    In. 


Argillaceous  shale. 
Ironstone  (black-band), 


0     0   ! 


6     0    0 


Boulder-clay, 
Argillaceous  shale, 
Sandstone   nearly   amor 

phous,        .         , 
Linn  limestone,  upper  bed,   7     0     0 
Aroiacious  shale  and  flaggy 

sandstone,  .         .         8     0     0 

Linn  limestone,  lower  bed,  6  0  0 
Coal,  .  .  .  .050 
Flaggy  sandstone  and  Argil- 
laceous shales,  .  24  0  0 
Limestone  (Bowertrapping),  0  4  0 
Sandstone  and  shale,  .  113  0 
Limestone  (Highfield),  0  6  0 
Volcanic  ash  with  layers  of 

claystone,  .         .       95     0     0 


109     0    8 


Fa.  Ft.  In. 


Strata  below  black-band 
ironstone,  —  sandstones, 
and  shales,  with  thin 
beds  of  coal  &  ironstone,  32 

Clayband  ironstone,       ,         0 

Sandstones  &  shales,  with 
thin  beds  of  ironstone  and 
impure  limestone,     .         30 

Lower  limestone  series,        17 


79    2    3 
Strata     above    the  black - 

band,        .         .         .       169    0    8 


0 

0 

1 

3 

0 

0 

1 

0 

248    2  11 


Note. — It  will  be  seen  from  the  above,  that  the  volcanic  ash  cuts  out 
all  the  strata  from  the  Highfield  limestone  to  the  blaf;k-band  ironstone  in 
this  part  of  the  basin,  about  forty  fathoms,  including  the  workable  coal.  A 
little  south  of  this  section  the  ash  was  still  found  at  115  fathoms  below  the 
Highfield  limestone;  but  at  this  depth  the  boring  was  given  up  in  despair 
of  not  finding  the  Jjlack-band  ironstone,  but  it  is  strongly  suspected  that 
it  will  yet  be  found  at  even  a  greater  depth. 
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LIST  OF  CARBONIFEROUS  FOSSILS  FROM  THE  DALRY  DISTRICT. 
PLANTS. 


Sjyecies. 
Calamites  canniL-formis,  Schlof. 

Cauda-galli,  sp. 

Dadoxylon,  sp. 

Lepidodendron  elegans,  Brongii. 

obovatum,  LbuUcii. 

Lepidostrobus,  .s-;;, 
Sigillaria  organum,  Lhidley. 

Sphenopteris  alTiuis,  Lhidley. 
Stigmaria  ficoides,  Bromjn. 

Ulodendron  majus,  Lhidley, 
minus,  Lhidley. 


Modes  of  Occurrence  and  LocalUiet. 
Ratherrarc;  in  sandstone,  Auchengrec. 

In  sandstone  above  limestone,  Bour- 
trappiug. 

Rare;  trappean  ash -be  1  above  Dairy 
black-band  ironstone. 

In  sandstone,  Barkip,  Swindridge,  and 
Auchengree. 

Pit  ConCjDalry;  ironstone  pits,  Swind- 
ridge. 

Swindridge;  Pit  Cone. 

Common  in  all  the  preceding  localities 
and  in  both  of  the  ironstones. 

Rare;  in  shale  at  Auchengree. 

Comnaon  in  the  sandstones  at  Barkip, 
Swindridge,  and  Auchengree. 

In  coal  below  lower  limestone. 

Pit  Cone;  Riddence. 


ZOOPHYTA. 


Alveolites  septosa,  M.  Edw. 

Amplexus  coralloides.  Sow. 

— — Henslowi,  M.  Edic, 

spinosus,  De  Kon. 


Very  rare;  Linn  limestone;  Auchen- 
skeoch. 

Rare;  in  shale,  Langside,  Broadstone, 
and  Roughwood. 

Rare;  Roughwood;  Auchenskeoch. 

Rare;  in  shale,  Langside,  Broadstone, 
and  Roughwood. 

Clisiophyllum  prolapsum,  M'Coy.       Common;  in  limestone  shale,  in  all  the 

Beith  quarries. 

turbinatum,  M'Coy.       Roughwood;  Auchenskeoch. 

coniseptum,  M.  Edw.     Common;  Langside;  Third  part. 

Keyserlingi,  M.  Edw.     Rare;  Broadstone. 

bipartitum,  M'Coy.        Common;  Auchenskeoch. 

Campophyllum?  Murchisoni,  M.  EdicT^oxe;  Broadstone. 

Cyathophyllum  Wrighti,  M.  Edw.      Common ;   in  shale,  in  all  the  Beith 

quarries. 

paracida,  M'Coy.        Common;  Gateside. 
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Cyclophyllum  fungites,  D.  and  T.       Common  ;     Langside  ;     Pvongliwooci  } 

Broadstoue.    C.  jJrokqjsum,  M'Coy. 


Boweibaukii,  Z).a?if?  IT.Eare;  Eongliwood. 


Favosites  parasitica,  Phill. 
Heteroplij^llia  mirabilis,  Duncan. 

Sedgwickii,  Duncan. 

Litliodendron  fasciculatum,  Fkm. 

irregulare,  PhlU. 

juuceum,  Flem. 

Lithostrotion  basaltiforme,  Phill. 


Eare;  in  shale,  Howood. 

Broadstone ;   Auclicnskcocli , 
wood. 

Broadstone. 


Eousli- 


Common;  in  all  the  lower  limestone- 
shales  and  two-feet  limestone. 


Do. 
Do. 


do. 

do. 


Eare;  Broadstone  and  PudufF-buru,  in 
calcareous  shale. 


Portlocki,  M.  Fdw.        Eare;  in  limestone  shale,  Langside. 


Michelinia  tenuisepta,  Phill. 

Syringopora  ramiilosa.  Gold/. 
Zaphreutis  patula,  3f.  Edio. 

Enniskillini,  31.  Edw. 

PhiUipsi,  31.  Edw. 

Bowerbankii,  31.  Edw. 


cyclindrica,  Scouler. 


Common;  in  limestone  shale,  Langside 
and  Broadstone. 

Common  ;  Auchenskeoch. 

Eare;  in  shale,  Langside. 

Eare;  Broadstone;  Auchenskeoch. 

Common;     do.,  do. 

Eare;  Broadstone;  Eoughwood. 

Common  ;     Langside,      Broadstone  ; 
Auchenskeoch. 


ECHINODEEMATA. 

Archaeocidaris  Urii,  Flem,  Eare;  Gateside. 

Hydreionocrinus  globularis,  De  Kon.  Common ;  in  all  the  limestone  shales 

of  the  Beith  quarries. 

Poteriocrinus  MacCoyanus,  De  A^o?7.     Common;  Beith  quarries,  Howood. 

crassus,  3IiUer.  Do. ,  do. ,  do. 

Ehodocrinus,  sp.  Eare;  Gateside. 

ANNELIDA. 


Serpula  parallela,  31'Coy. 
Serpulites  carbonarius,  3I'Co)j. 

membranaceous,  M'Coy. 

caperatus,  3PCoy. 

Spirorbis,  sp. 


Common;  Auchenskeoch,  Howrat. 

Eare;  lower  limestone,  Langside. 

Eare;  Langside,  Broadstone,  Howrat. 

Lin  limestone,  Dairy. 

Common ;  attached  to  the  valves  of 
shells,  corals,  and  crinoid  stems,  in 
the  limestone  shales,  Beith  quarries. 
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CRUSTACEA. 

Bairdia  carta,  M'Coy.  Common;  limestone  shale,  Swiiidridge. 

Cythere  cuneola,  Jones  and  Kirlcb>/.  Do.  do. 

Entomoconchus  Scouleri,  M'Coy.         Rather  rare;  main  limestone,  Beith. 

Griffithides  mcso-tuljcrculatus,  il/'C,  Rare  ;  in  fragments,  lower  limestone 

at  Langside  and  Howrat;  abundant 
in  four-feet  limestone  at  Bour- 
trapping. 

Eichwaldi,  Fischer.  Rare;  lower  limestone,  Howrat. 

Kirkbya  Eichwaldi,  Jo)ies  db  Kirhhy.  Rare;  limestone  shale,  Swindridge. 

Leperditia  Armstrongiana,  /.  tO  A'.  Very  rare;  Howrat  limestone. 

Youngiana,  /.  lO  A'.  Very  rare;  Den  pits,  Dairy. 

Okeni,  Munster.  Common ;  main  limestone  shale,  Beith. 


Ceriopora  interporosa,  Phill. 

similis,  Phill. 

Diastopora  megastoma,  M'Coy 
Fenestella  plebeia,  JSPCoy. 

hemispherica,  M'Coy. 

— Morisii,  M'Coy. 

nodulosa,  Phtil. 

carinata,  M'Coy. 

fiabellata,  Phill. 

frutex,  M'Coy. 

Glauconome  bipinnata,  Phill. 

grandis,  M'Coy. 

gracilis,  M'Coy. 

pulcherrima,  M'Coy. 

Gorgonia  Lonsdaleiana,  M'Coy. 
Polypora  dendroides,  M'Coy. 

verrucosa,  M'Coy. 

Sulcoretepora  parallela,  Ph  ill. 


POLYZOA. 

Limestone  shale. 

Beith  quarries. 

Do., 

do. 

Encrusting  corals. 

do. 

do. 

Limestone  shale 

do. 

do. 

Rare;  Broadstone, 

Rare;  Howrat. 

Limestone  shale,  Beith  quarries. 

Do. ,  do. 

Do. ,  do. 

Rare;  Roughwood;  Broadstone. 
Several  other  species  not  determined , 
Limestone  shale,  Beith  quarries. 

Do.,  do. 

Do. ,  do. 

Do.,  do. 

Rare;  Auchenskeoch. 
Limestone  shale,  Beith  quarries. 
Rare;  Broadstone. 
Limestone  shale,  Beith  quarries. 
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BRACHIOPODA. 


Athyris  ambigiia,  Sow. 
Eoyssii,  UEveilU. 

Camaroplioria  globulin  a,  Phlll. 
Chonetes  Hardrensis,  Phlll. 

Crania  quadrata,  M'Coy. 

Discina  nitida,  Phill. 
Lingula  mytiloides,  Soiv. 
squamiformis,  Phill. 

Orthis  Michelini,  UEveilM. 

resupinata,  Martin. 

Productus  aculeatus,  Martin. 

costatus,  Sow. 

var.,  muricatiis,  Soio. 

cora,  D'Orh. 

fimbriatus,  Sow. 

giganteus,  Mart. 

punctatus,  Mart. 

longispiuus,  Soio. 

latissimus,  Sow. 


mesolobus,  Phill. 

scabriculus.  Mart. 


Common;  lower  limestone,  Beitn, 
Howrat,  Bourtrapping. 

Common;  Bourtrapping,  loAver  lime- 
stone, Langside,  Broadstone,  and 
Rougbwood. 

Eare;  Auchenskeocb, 

Not  common;  Langside,  Swiudridge, 
and  Bourtrapping. 

Common;  sbale  below  main  limestone, 
Langside. 

do. 


Do., 
Do., 


do. 


Common ;  sbale  above  blackband, 
Swinlees-burn,  Dairy;  one  specimen 
in  main  limestone,  Langside. 

Very  abundant;  limestone  sbale.  Gate- 
side,  rare ;  in  sbale,  Broadstone, 

Eare;  in  sbale  below  main  limestone, 
Langside,  rare;  Bourtrapping. 

Eare;  main  limestone,  Broadstone. 

Do.,  do.,  Gateside. 

Common;  Broadstone, 

Eare;  sbale,  Broadstone;  not  common, 
Bourtrapping. 

Eatber  rare;  lower  limestone,  Lang- 
side and  Broadstone. 

Common;  lower  limestone,  Beitb;  in 
sbale,  below  main  limestone,  Puduft- 
burn;  rare,  Bourtrapping. 

Common  in  all  tbe  Beitb  quarries. 

Very  common  in  all  tbe  Beitb  quarries, 
and  in  Higbfield  and  Linn  limestones, 

Eare  in  Higbfield  and  Linn  limestones; 
very  abundant  in  four-feet  limestone, 
Bankbead;  rare,  Swindridge  and 
Bourtrapping, 

Very  rare;  main  limestone,  Broadstone, 

Common  in  sbale  at  Broadstone  and 
all  tbe  Beitb  quarries;  Bourtrap- 
ping, 
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Productus  scmireticulatus,  Mart. 

sinuatus,  De  Kon. 

r-    spinulosus,  Soio. 

Youngianus,  Davidson. 

Retzia  radialis,  PliUl. 
RhjTichonella  pleurodon,  Pliill. 


pu< 


Mart. 


Strophomena  analoga,  Phill. 
Spirifera  Lisuloata,  Sov.k 

Carlukensis,  Da  v. 

duplicicosta,  Phill. 

glabra,  Mart. 

lincata,  Mart. 

ovalis,  Phill. 

pingiiis?  Sow. 

Urii,  Fleming. 

Spiriferina  octoplicata,  Sow. 

laminosa,  M'Coy. 

Streptorhynclius  creuistria,  Phill. 

—    r«?'., radialis,  P/ijY^, 

var.,  senilis,  Phill. 


Terebratula  hastata,  Soiv. 

vai'.,  sacciilus,  Mart. 

var.,  vesicularis,  Z>e  A'orf, 

var.,  Gillincrensif?,  Dav. 


Common  in  all  the  Beitli  limestones, 
Howrat  and  Auchenmade ;  rare  at 
Piiduflf-buru. 

Common;  Bower  trapping. 

Common  in  all  the  Beith  quarries. 

Common  at  Langside  in  the  blue  lime- 
stone. 

Rare;  limestone  shale,  Roughwood. 

Rare;  blue  limestone,  Langside,  Broad - 
stone  and  Rough  wood. 

Rare;  blue  limestone,  Langside;  com- 
mon, Bourtrapping. 

Rare ;  Howood. 

Common;  Beith  quarries,  Howrat, 
Auchenmade  aud  Bourtrapping. 

Rare;  Broadstone. 

Rare;  West  Broadstone  and  Cunning- 
ham Bedland. 

Not  common;  main  limestone,  Lang- 
side and  Broadstone. 

Common  in  all  the  Beith  quarries  in 
the  main  and  two-feet  limestone; 
Bom-trapping. 

Rare;  Auchenmade,  in  lower  limestone, 
upper  series. 

Very  rare;  Trearne,  upper  series  of 
lower  limestone,  rare;  rudufr-l)urn, 
in  shale  below  main  limestone,  lower 
series. 

Common;  Bourtrapping. 

Very  rare;  Bourtrapping. 

Do. ;         Auchenskeoch;Broad.<?tone. 

Common ;  Broadstone,  in  shale ;  rare 
at  Linn;  common,  Bourtrapping. 

Rare;  Rough  wood. 

Rare;  Bourtrapping. 

Common;  blue  limestone,  Langside 
and  Broadstone. 

Common;  Rough  wood. 

Langsido;  Bourtrapping. 

^Fain  limestone,  CunninErham  Bedland. 
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LAMELLIBEAXCHI 

Auomia  corrugata,  Etlieridge. 
Avicula  5;).  ? 

sp.  ? 

Aviciilopecteu  fimbriatus,  Phlll. 

semicircularis,  Jl'Coy. 

granosus,  Soir. 


interstitialis,  Phlll. 
consiuiilis,  2I'Coy. 


Ostrea,  sjjJ 

Pecten  Sowerbii,  II 'Coy. 

Piiina  flabelliformis,  Mart. 


ATA  (MOXOMYARIA). 

Eare;  Linn  spout. 

A  single  example;  Swindridge. 

Do. ;  Howrat. 

Eare;  shale  below  tbe  main  limestone 
in  all  the  Beith  quarries. 

Eare;  Eougliwood. 

Eare;  shale  below  the  main  limestone 
in  all  the  Beith  quarries. 

Eare;  Bourtrapping. 

Do. ;  do. 

A  single  example;  main  limestone 
shale,  Broadstone. 

Very  rare;  main  limestone  shale;  Cun- 
ningham Bedland. 

Good  examples  rare;  blue  limestone 
and  shale  above  it,  at  Langside  and 
Eoughwood. 


LAMELLIBRANCHIATA  (Di:SIYAEIA). 


Anthracosia  robusta,  Soiv. 
Axinus  axiniformis,  Phill. 

carbonarius,  PortL 

Conocardium  aliformis,  Soi 


Eare;  in  shale  above  blackband,  High- 
field. 

Not  common;  in  shale  below  main 
limestone,  Langside. 

Common;  in  shale  below  main  lime- 
stone, Langside, 

Very  rare;  Eoughwood. 


Cypricardia  acuticarinata,  A  rmstrong.      Do. , 


do. 


rhombea,  Phill. 

Edmondia  rudis,  M'Coy. 
Leda  attenuatum,  Flem. 

Solemya  primoeva,  M'Coy. 
Leptodomus  costellatus,  M'Coy. 

Modiola  elongata,  Phill. 

Myacites  sulcatus,  Flem. 


Eare;  below  Linn  limestone. 

Common;  Langside. 

Very  rare  in  shale  below  main  lime- 
stone Langside;  common  at  Swin- 
dridge. 

Eare;  Eoughwood, 

Eare;  in  shale  above  Highfield  lime- 
stone; Swindridge. 

Common;  in  shale  below  main  lime- 
stone in  all  the  Beith  quarries. 


Do. 


do. 


do. 
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Myalina  crassus,  Fleni. 

Nucula  gibbo.sa,  Fltm. 
Sangiiinolites  plicatus,  Portl. 
iridinoides  M^Coy. 


Very  abundant,  but  mostly  crushed  in 
shale,  below  main  limestone,  at 
Lyoushields  and  lioughwood. 

Very  abundant  at  Swindridge,  and  in 
shale  above  Highfield  limestone. 

Hare;  shale  above  two -feet  limestone, 
Langside;  very  rare,  Bourtrapping. 

Hare;  shale  above  two-feet  limestone, 
Lauirsidc. 


subcarinatus,  M'Coy.      Main  Limestone  shale. 

GASTEROPODA. 


Dentalium  priscura,  Gold/. 

inornatum,  Af'Coij. 

Eulima  Phillipsiana,  De  Ron. 
Euomphalus  acnius,  Sov\ 

'■ carbonarius,  M'Coy. 

Dionysii,  Gold/. 

pentangulatus,  Sovk 


Loxonema  Lefebvrci,  UEveilU. 

sulcatula?  Jl'Coy. 

Macrocheilus  acutus,  Soic. 

fusiformis,  Soic. 


Common;  Swindridge. 

"S'ery  abundant;  do. 

Den  pits,  Dairy. 

Rare;  Bourtrapping. 

Swindridge. 

Very  rare;  Bourtrapping. 

Rare;  main  limestone,  Langside. 

Rare;  in  shale  below  main  limestone 
in  all  the  Beith  fjuarries. 

Rare;  Bourtrapping. 

Rare;  in  shale  below  main  limestone 
in  all  the  Beith  (quarries,  and  in  shale 
above  the  coal  at  Bark i p. 

Common;  Swindridge. 


iMichotianus,  De  Kon.   Rare;  in  shale  below  main  limestone, 
Langside. 


Murchisonia  quadricarinata,  M%^oy. 

striatula,  De  Kon. 

Katicopsis  variata,  PhiU. 

Omaliana.  De  Kon. 


lirata,  PhiU. 

rieurotomaria  conica,  PhiU. 

altavitata,  JPCoy. 

expansa,  PhiU. 

monilifera,  PhiU. 


Do.  do. 

Common;  Swindridge. 

Common;  shale  below  main  limestone, 
Langside;  common,  Bourtrapping. 

Rare;  Swindridge. 

A'ery  rare;  Swindridge. 

Rare;   shale   below  main    limestone, 
Langside. 

Very  rare;  Bourtrapping. 

Rare;   shale   below  main  limestone, 
Langside. 


Do. 


do. 
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Pleurotomaria  Yvanni,  UEvtilh'.        Very   rare;    limestone,    Cunningliam 

Beclland;    below    Linn    limestone, 
Dalrj'. 

Common;  Bourtrappiug. 

One  specimen  found  in  the  shalu  below 
main  limestone,  Langside. 

Very  rare;  Bourtrapping. 


Platyceras  vetustus,  Soic. 
Trocbus  lepidus,  De  Kon. 

Turbo  biserialis,  PlulL 


GASTEROPODA  ( XUCLEOBRANCHIATA) 
Bellerophon  cornn-arietis,  Scv.  Rare;  Langside. 
decussatus,  Fkm. 


Dumontii,  D'Orh. 

Urii,  Flem. 

Porcellia  armata,  VerneuU. 


Rare;  loM'er  limestone,  Langside;  com- 
mon at  Swindridge. 

Rare;  Waterland;  Howrat,  very  rare; 
Bourtrapping. 

Common  in    sbale    above    Higbfield 
limestone;  Swindridge. 

Rare;  Broadstone. 


CEPHALOPODA. 


Goniatites  vesica,  PMll. 
diadema,  Goldf. 

Nautilus  ingens,  Sow. 

•  Leveilleanus,  De  Kon. 

Orthoceras  attennatum,  Flem. 

siilcatulum,  M'Coy. 


Very  rare;  Bourtrapping. 

Rare;  Dairy  ironstone;  crushed  speci- 
mens. 

Rare;    lower     limestone,     Langside, 
Broadstone  and  Howrat. 

Rare;   calcareous    shale,    Hazelhead- 
burn. 

Rare;  in  shale  at  Langside;  Broadstone 
and  Howrat, 

One  fragment;  shale,  Bourtrapping. 
PISCES. 


Amphicentrura  granulosum,  Young.    Rare;  scales  and  bones  of  the  head  in 

shale,  Langside. 


Cladodus  mirabilis,  Ag. 


Cochliodiis  magnus,  Ag. 


contortus,  Ag. 

acutus,  Ag. 

Cteuoptychius  serratus,  Ag. 

Glossodus  marginatus,  M'Coy. 


Single  teeth,  and  part  of  a  jaw  have 
been  found  at  Langside;  teeth  at 
Broadstone. 

Rather  common  in  shale  and  lime- 
stone, Langside. 

Limestone,  Langside. 

Rather  rare;  limestone,  Langside. 

Rare ;  shale  and  limestone  in  all  the 
Beith  quarries,  and  Howrat. 

Very  rare;  shale  and  limestone  in  all 
the  Beith  f|uan-ies,  and  Howrat. 
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Gyracanthus  formosus,  A'j. 
Homocantlius,  .«/>. .''' 

Helodus  planus,  Afj. 
Megaliclithys  Hibbcrti,  Aff. 

retalodus  IIastingsi;e,  Oirni, 
rectus,  Aij. 


Pojcilodus  obliquus,  A>j. 

Psamniodus  rngosus,  A<j. 

porosus,  A;/. 

Ebizodus  Hibberti,  Af/. 


Oracanthus  minor,  Af/. 


Hare;  shale  above  ironstone,  Barkip. 

One  spine  found  at  Langside,  in  shale 
above  two- feet  limestone. 

Rare;  in  shale  and  limestone,  Langside, 

Rare;  scales  in  shale,  16wer  limestone, 
Langside  and  Broadstone. 

IJather  common;  in  all  the  lower  lime- 
stone series  found  at  Langside, 
Trearne,  Broadstone,  and  Howrat. 

Li  all  the  lower  limestone  series  found 
at  Langside,  Trearne,  Broadstone, 
and  Ilowrat;  rarer  than  the  preced- 
ing species  in  the  proportion  of  one 
to  twelve. 

Rare;  shale,  Langside. 

Do.;     do.,         do. 

Rather  rare;  in  all  the  lower  limestone. 

Very  rare;         do.,  do. 

Rare;  in  shale  above  clayband  iron- 
stone, and  main  coal,  Barkip  ;  in 
shale  above  blackband  ironstone, 
Highfield. 


Milleri,  Aij. 


Rare  ;     in    blucish-grey 
Langside. 

Very  rare;  Rough  wood. 


limestone. 


^^*  Several  other  fish-spccimcriS,  comprising  one  or  two  fin-spines,  &c., 
have  been  found  in  the  above  localities,  but  their  species  have  not 
yet  been  determined. 

List  of  localities  named  in  the  foregoing  paper,  and  distance  from  the 
nearest  railway  station. 

Names.  Nearest  Railway       Distanee  and  Direction. 
^5tation. 

Broadstone.s,  Beith,  2  miles,  S.E. 

Langside,   Do. ,   Do. , 

Rou'^hwood,  Do.,    2  miles,  South. 

Roebank  Olcn, Do.,    1  mile,  N.E. 

Maich  Glen,  Do.,    .',  mile,  West. 

Pndutf  Burn,  Kilbirnie,    2.^  do. ,  \V.  by  S. 

Auchongroe,    Do.,  A-    do.,  S.  by  E. 

Howrat, Do.,  ;]    do.,  S.W. 

Swiulces  Glen,  Dairy, 'A    do.,  X.W. 

Rye  Water,  Hyndog  (^  len, ...  Do. ,   2    do. ,  W.  by  N 

Highfield,  Do.,    "      ' 

Bourtrapping,    Do.,   

Auchenskeoch, Do.,    

Aucheumade,    Do.,   

Cleaves  Coves,  Do,,   

Linn  Spout,   Do. ,   

Barkip,  Do. ,    

AVaterland,    Lugton  Imi,^ 


1  do.,  N.E. 
2.',  do.,  N.E. 
2.1  do.,  S.  by  E. 
:n.  do.,  S.E. 

2  do,,  S.  by  E. 
1    do.,  S.W.  by  S. 

3  do.,  X,  byE. 

4  do.  West, 

'  On  the  Croftliead  and  Kilmarnock  Line,  not  opened  Xoveniher,  1800. 
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XYIII.  Xotes  on  the  Section  of  Strata  in  the  Gilmorehill 
Quarry,  and  Boulder-clay,  on  the  Site  of  the  Xew 
XJxiyersity  Buildings,  Glasgow.     By  John  Young. 

(Read  November  5,  ISGS.) 

During  the  working  of  the  sandstone  in  the  western  portion  of 
the  Gilmorehill  grounds,  for  the  purpose  of  obtaining  stone  for  the 
Xew  University  Buildings,  an  interesting  section  of  carboniferous 
strata  has  been  exposed,  which  belongs  to  that  division  of  oiu*  coal 
measures  lying  between  the  upper  and  the  lower  limestone  series 
found  to  the  north  and  west  of  Glasgow. 

Throughout  the  district  this  group  of  rocks  is  best  known  as  the 
Fossil  and  Govan  ii'onstone  series,  from  the  valuable  bands  of  that 
ore  which  it  contains.  But  the  equivalents  of  the  group  are  also  to 
be  found  in  other  tracts  of  our  western  Scottish  coalfield,  as  at 
Kilsyth,  Wilsontown.  Carluke,  and  Lesmahagow,  to  the  noii:h-east, 
east,  and  south-east,  and  in  the  west  at  Johnstone  and  Dairy. 

The  gi'oup  of  strata  in  which  the  Gilmorehill  beds  are  placed, 
ranges  from  about  440  fathoms  under  the  upper  red  sandstone  of  the 
Lanarkshire  coalfield,  down  to  the  horizon  of  the  Govan  ii'onstone, 
which  is  stated  to  lie  about  588  fathoms  under  the  above-mentioned 
red  sandstone.  This  series  of  rocks,  nearly  900  feet  in  thickness,  is 
therefore  in  the  position  of  the  middle  division  of  the  carboniferous 
limestone  system  of  this  and  other  countries,  yet  in  the  Glasgow 
district  it  contains  very  few  persistent  bands  of  limestone  or  other 
calcareous  strata.  The  mineralogical  aspect  of  the  group  is  so  much 
alike  to  that  of  our  upper  coal  measures,  that  I  have  no  doubt  but 
that  they  were  deposited  under  somewhat  similar  conditions. 

The  strata  consist  of  numerous  thin  seams  of  free  coal,  cannel 
coal,  black-band  ironstone,  thick  beds  of  bituminous  shale  and 
clay-shale,  with  bands  of  clay -ironstone,  and  beds  of  w^hite  sandstone 
of  considerable  thickness.  There  are  very  few  natural  sections 
where  these  beds  can  be  studied,  and  very  little  was  known  of  the 
strata  of  this  portion  of  our  coalfield  or  their  organisms,  until  of 
recent  years,  when  they  came  to  be  opened  up  for  the  valuable  fields 
of  ironstone  which  they  contain. 

There  can  be  no  doubt  of  the  true  position  of  the  beds.  The 
iipper  limestone  series  to  the  north  of  Glasgow,  with  its  abundant 
gi'oup  of  characteristic  marine  fossils,  is  clearly  seen  to  overlie 
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them,  while  tlie  lower  limestone  series  is  observed  cropping  out 
vinder  them  along  tlie  outer  borders  of  the  various  basins.  ]\Iore- 
over,  their  intermediate  position  in  our  Scottish  carboniferous 
limestone  series,  lias  been  clearly  proved  l)y  several  deep  bores  put 
down  in  our  own  neighbourh<jod. 

If  we  take  the  Cowglen  limestone,  seen  near  Pollokshaws,  and  in 
the  railway  cutting  near  Bishopbriggs,  as  the  base  of  tlie  upjK'r 
limestone  series,  then  it  is  known  by  boring,  that  we  have  but  few 
intercalated  bands  of  limestone  in  this  group  of  strata  near  Glasg  )w, 
until  we  reach  some  18  fathoms  under  the  Govan  ironstone,  a  distance 
of  more  than  160  fathoms  under  the  Cowglen  limestone.  At  this 
point  and  downwards,  several  bands  of  limestone  have  been  found 
in  the  bores,  which  may  be  considered  as  the  uppermost  Ijeds  of  the 
lower  limestone  series,  the  limestones  occurring  at  intervals  in 
descending  order  throughout  a  thickness  of  fully  150  fiithoms  of 
strata,  but  they  are  more  abundant,  an  1  of  greater  thickness 
towards  the  bottom  of  the  group. 

The  relative  distances  here  given  as  existing  between  the  upi)cr 
and  lower  limestone  series,  will  only  hold  good  for  the  district 
north  and  west  of  Glasgow,  for  if  we  trace  our  carboniferous  lime- 
stones to  the  south-east,  we  find  that  there  is  a  rapid  thinning-out 
of  those  sedimentary  strata  that  alternate  with  the  limestones, 
whereby  the  various  calcareous  strata  of  our  coalfield  in  the 
Carluke  and  Lesmahagow  districts  are  brought  much  closer 
too;ether  than  is  to  be  found  round  Glasgow. 

I  have  elsewhere  shown^  that  the  carboniferous  limestone  series 
of  Scotland  has  been  split  up  into  numerous  beds  by  interruptions 
of  muddy  sediment;  and  Mr.  E.  Hull  has  clearly,  and,  I  think, 
satisfactorily,  pointed  out  to  this  Society  that,  as  nearly  all  our 
carboniferous  limestones  are  of  organic  origin,  and  are  due  to  the 
growth  of  various  animal  organisms  that  have  iiourished  on  the 
sea  bottom,  so  beds  of  limestone  could  only  be  formed  over  those 
tracts  in  which  no  other  sediment  was  being  deposited. 

No  group  of  strata  in  our  Scottish  carboniferous  limestone  series 
contains  so  few  calcareous  bands  as  that  embraced  between  the 
Cowglen  bed  and  the  first  limestone  under  the  Govan  ironstone ; 
and  the  study  of  these  beds,  and  their  various  organisms,  throws 
some  little  light  upon  the  conditions  under  which  they  seem  to 
have  been  deposited. 

1  Trans.  Geol.  Soc,  Glasgow,  Vol.  I.,  Pait  I.,  second  edition,  p.  48. 
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It  is  generally  admitted  tliat  we  have  very  little  evidence  of 
true  marine  conditions  having  existed  over  the  area  of  our  Scottish 
coalfield  during  the  deposition  of  oul-  upper  coal  measures.  The 
various  animal  organisms  found  in  the  strata  being  therefoi'e  of 
such  doubtful  character  as  to  their  habitats,  the  Crustacea  and 
mollusca  may  have  been  of  species  that  lived  either  in  freshwater, 
or  in  that  which  was  slightly  brackish.  Neither  do  the  fishes  nor 
reptiles  of  the  upper  coal  measures  tell  us  much  of  the  condition  of 
the  waters.  There  is  a  total  absence  of  those  decidedly  marine 
types  that  characterise  so  strongly  the  fauna  of  the  upper  and 
lower  limestone  series,  many  species  of  which  we  know  must  have 
flourished  in  other  tracts  of  the  sea-bottom  during  the  deposition 
of  our  upper  coal  measures,  as  some  of  them  appear  in  at  least  one 
of  our  higher  beds  in  this  district,  while  others  are  recurrent  in 
the  Permian  formation  of  England. 

Carboniferous  limestone  types  of  fossils  are  abundant  in  the 
limestone  series  above  and  below  the  Possil  group,  but  their 
absence  in  these  beds  is  about  as  marked  as  in  our  upper  coal 
strata ;  and  it  is  interesting  to  note  the  fact,  that  the  various  species 
of  Entomostraca  and  several  of  the  fishes  of  the  Possil  series,  are 
such  as  are  characteristic  of  the  so-called  freshwater  beds  of  the 
lower  limestone  series  in  this  district,  as  well  as  of  the  freshwater 
strata  of  our  upper  coal  measures. 

Appended  to  this  paper  is  a  list  of  all  the  organisms  that  I  know 
to  have  been  found  in  the  Possil  and  Go  van  series,  and  it  will  be 
seen  from  its  examination  that  there  has  been  at  certain  rare 
intervals  a  return  to  a  more  marine  condition  of  the  waters,  as 
evidenced  by  the  appearance  of  a  whole  colony  of  Lingula  and  one 
or  two  other  marine  shells  in  some  of  the  beds.  But  their  stay  in 
these  tracts  was  often  very  short,  owing  no  doubt  to  the  changing 
condition  of  the  waters  back  to  their  fresh  or  brackish  state. 

The  chief  interest  of  the  section  in  the  Gilmorehill  quarry, 
beyond  that  of  any  other  in  this  neighbourhood  to  a  geologist, 
consists  in  the  frequent  alternations  of  its  strata,  there  being  no 
fewer  than  33  beds  exposed  in  descending  series.  These  consist  of 
five  beds  of  white  sandstone,  seven  seams  of  coal,  one  thin  seam  of 
black-band  ironstone,  with  accompanying  beds  of  bituminous  shale, 
clay  shale,  and  fii-eclay,  as  in  the  following  section  : — 
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Fath. 

ft. 

in. 

h^i 

ith. 

ft. 

in. 

Surface  soil  and  BoulJcr- 

] 

Black -band  ironstone,     - 

0 

0 

24 

clay, 

1 

4 

6 

Free  coal. 

0 

0 

<J 

Grey   sandy  shale, 

with 

Grey  shale,     - 

0 

2 

G 

nodules  of  impure 

clay 

Grey    shale    with     hard 

ironstone, 

0 

:; 

0 

nodular  bands, 

0 

2 

0 

Dark  grey  shale,     - 

- 

0 

() 

0 

Dark  brown  shale,  - 

0 

0 

10 

Bituuiiuous  shale,   - 

- 

0 

0 

3 

Bituminous  shale,  - 

0 

0 

G 

Free  coal. 

. 

0 

0 

3 

Free  coal. 

0 

1 

:{ 

Grey  shale,      - 

. 

0 

2 

0 

Fire  clay, 

0 

1 

0 

Foul  coal, 

. 

0 

0 

6 

White  sandstone,   - 

2 

0 

0 

Fire  clay. 

- 

0 

(J 

G 

Grey  sandy  shale,  - 

0 

1 

0 

White  sandstone,    - 

(J 

•j 

9 

Grey  shale,     - 

0 

0 

G 

Grey    shale    with 

hard 

Free  coal, 

0 

0 

7 

uodular  Ijands, 

0 

o 

4 

Fire  clay. 

() 

0 

1 

Dark  grey  shale,     - 

0 

0 

G 

White  sandstone,    - 

0 

4 

0 

Free  coal. 

- 

0 

1 

4 

Free  coal. 

0 

0 

10 

White  sandstone,    - 

. 

1 

o 

0 

White  sandstone,    - 

2 

0 

0 

Light  grey  sandy  shale,  - 

0 

2 

0 

Grey  shale  in  bottom  of 

Grey  shale,      - 

- 

0 

1 

() 

quarry,  thickness  not 

Dark  grey  shale,     - 

- 

0 

1 

0 

ascertained, 

0 

(J 

0 

MifnTTrinniT*  «jlinlf> 

0 

Q 

6 

X^XULlilX-LlXVLiO    OXXUfi^, 

Total,.. 

.13 

0 

114 

The  strata  of  tlie  quarry  din  to  tlie  soutli-east  at  an  angle  of 
ten  degrees,  and  are  traversed  by  two  faults.  One,  seen  in  the 
north-east  corner  of  the  quarry,  lifts  the  third  bed  of  sandstone  to 
the  surface  under  the  Boulder-clay  the  displacement  being  upwards 
of  thirty  feet.  The  other  fault  in  the  middle  of  the  (|uarry,  only 
displaces  the  beds  about  three  feet,  the  downthrow  of  the  beds 
Ijcing  to  the  west.  Other  faults  are  seen  in  the  bottom  of  the 
Kelvhi,  as  we  ascend  the  river  towards  CUayslap  Mills.     These 


quarry. 


seem  to  run  in  the  same  general  direction  as  those  in  the 
the  downthrow  being  also  to  the  west. 

In  the  working  of  the  upper  bed  of  sandstone  the  qiiarrymen 
came  upon  the  erect  stumps  of  five  or  six  large  fossil  trees.  They 
appeared  to  be  ^igillaria,  and  measured  from  20  inches  to  two  feet 
in  diameter.  They  seem  to  have  been  broken,  or  to  have  decayed  to 
within  a  few  inches  of  the  ground,  and  weie  composed  of  shaly  sand- 
stone simdar  to  the  surrounding  rock.  The  trees  stood  some  three  or 
four  feet  apart,  and  the  roots  of  the  one  wei'e  seen  in  some  cases 
interlacing  with  those  of  the  others.  While  the  remains  of  this 
old  forest  of  the  coal  period  were  allowed  to  stand,  they  formed 
a   very  interesting   ol>ject    in  the  quarry,    but    were    ultimately 
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removed  iii  tlie  working  of  the  sandstone.  Remains  of  large  erect 
stumps  of  fossil  trees  from  this  neighbourhood,  are  recorded  in  the 
writings  of  Dr.  Bucldand,  Mr.  Smith  of  Jordanhill,  and  Mr. 
John  Craig,  mineral  surveyor.  Dr.  Buckland  states,^ — "  At 
Balgray,  three  miles  north  of  Glasgow,  I  saw  in  the  year  1824,  as 
there  still  may  be  seen,  an  unequivocal  example  of  the  stumps  of 
several  stems  of  large  trees,  standing  close  together  in  their  native 
place  in  a  quarry  of  sandstone  of  the  coal  formation." — These  trees 
have  all  been  removed,  but  their  position  was,  I  believe,  nearly 
on  the  same  geological  horizon  as  the  trees  found  in  the  sand- 
stone of  Gilmorehill  quarry.  It  is  therefore  interesting  to  find 
them  scattered  over  a  considerable  tract  of  country. 

Portions  of  stems  of  Lepidodendron,  Sigillaria,  Stigmaria,  and 
some  obscure  impressions  of  the  leaves  of  2)lants  are  found  scattered 
throughout  the  various  sandstones  and  shales  of  the  quarry,  and 
wherever  the  coal  rests  close  upon  the  sandstone  or  fire-clay,  the 
underlying  rock  is  seen  to  be  penetrated  in  all  directions  by  the 
rootlets  of  Stigmaria,  affording  along  with  other  evidence,  clear 
proof  that  the  various  coal-beds  liave  grown  upon  the  spots  where 
we  now  find  them. 

The  flaggy  strata  under  the  second  sandstone  are  very  finely 
ripple-marked,  indicating  comparatively  shallow  water  for  the 
deposit;  and  they  present  us  with  a  beautiful  series,  in  which  we 
can  trace  upwards  all  the  gradations  from  a  bed  of  clay  shale,  into 
sandy  shale  and  white  sandstone. 

In  connection  Avith  the  9-inch  seam  of  coal,  we  have  a  very  thin 
black-band  ironstone  and  bituminous  shale.  These  contain  some 
fragmentary  remains  of  fishes,  belonging  to  Palceoniscus,  Rhizodus, 
etc.,  along  with  numerous  Entomostraca,  which  appear  to  be  crushed 
Cythere  fahulina.  This  ironstone  I  take  to  be  either  the  second 
or  third  band  of  the  Fossil  series.  These  vary  in  character  and 
thickness  in  many  parts  of  the  district;  in  some  places  being 
good  workable  ironstones,  in  others  re23laced  by  free  coal,  gas 
coal,  or  bituminous  shale,  with  only  a  thin  rib  of  ironstone. 
According  to  the  various  tables  that  have  been  given  of  tlie  strata 
of  the  Glasgow  district,  the  Gilmorehill  beds  may  be  placed  with 
all  probability  in  the  lower  portion  of  the  Fossil  coal  seiies,  or 
about  510  fathoms  under  the  up})er  red  sandstone.  They  corre- 
spond with  the  coals  of  the  Carluke  district  that  overlie  the  cannel 
1  Anniversary  Address  to  Geological  Society,  1840. 
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coal,  this  coal  being  helieved  to  be  tlie  equivalent  of  the  Knights- 
wood  and  Skaterig  gas  coal  of  this  district,  the  position  of  which 
is  three  fathoms  under  the  Fossil  lower  ironstone. 

In  former  years,  the  gas  coal  in  the  Gilmoreliill  section  seems  to 
liave  been  worked  to  some  extent  in  the  adjoining  grounds,  as  in 
proving  the  extension  of  the  sandstone  to  the  east-ward,  they  came 
upon  some  of  the  old  coal  workings  in  the  bores,  the  worked  out 
seam  being  found  from  40  to  50  feet  from  the  surface. 

As  the  coals  of  the  Fossil  series  are  of  excellent  burning  quality, 
some  of  the  seams  are  still  worked  in  the  district  on  theii-  own 
account,  others  in  connection  with  some  of  the  black-band  iron- 
stones. In  the  quarry,  the  various  coal  seams  afford  an  abundant 
supply  of  fuel  to  the  contractor,  Mr.  Thompson,  for  the  engines 
employed  at  the  quarry  and  the  New  Buildings. 

The  main  seam  of  coal  in  the  Fossil  series  is  in  some  parts  of 
the  district  three  feet  in  thickness,  in  others  it  is  much  thinner. 
This  variation  also  occurs  in  the  uppermost  of  tlie  black-bands, 
which  at  Hilton  farm  pit,  east  of  Fossil  marsh,  is  from  four  to  six 
feet,  while  in  the  greater  part  of  the  district  it  is  only  six  or  eight 
inches. 

The  sandstone  of  the  Gilmorehill  quarry  is  a  whitish  fine-grained 
rock,  compact  in  texture,  streaked  at  intervals  with  carbonaceous 
matter,  and  parted  in  the  various  beds  by  very  thin  layers  of  clay 
shale,  which  causes  it  to  be  easily  split  iq)  into  blocks  of  solid  rock 
from  one  to  three  feet  in  thickness.  It  seems  to  be  as  durable  as 
any  of  the  other  sandstones  of  the  Glasgow  district,  and  is  very 
largely  employed  in  the  erection  of  the  New  Buildings,  near  which 
it  is  situated  very  conveniently — 200  tons,  on  an  average,  being 
extracted  from  the  quariy  every  working-day. 

The  Boulder-clay  that  overlies  the  strata  at  the  (piarry,  and  caps 
the  crown  of  Gilmorehill,  belongs  to  that  great  wide-spread  deposit, 
which  covers  the  country  around  Glasgow  to  sucli  a  depth  at  many 
places.  It  increases  in  thickness  from  the  quarry  to  the  crown  of 
the  hill,  where  it  has  been  bored  to  the  depth  of  seventy  feet ;  the 
valley  of  the  Kelvin  between  the  hill  and  the  adjoining  West- 
end  Fark  being  scooped  out  for  nearly  its  whole  depth  in  the  Till. 

It  contains  greit  numbers  of  rounded,  angular,  and  striated 
stones.  A  few  of  the  largest  boulders,  varying  in  weight  from  one  to 
two  tons,  were  found  lying  at  depths  of  from  ten  to  twenty  feet  in 
the  Till,  but  the  great  majority  are  of  much  less  weight. 
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On  the  removal  of  the  Till  from  the  upper  bed  of  sandstone  in 
the  quarry,  its  surface  was  seen  to  be  very  finely  striated,  the 
striae  running  from  a  few  points  south  of  west  to  north  of  east. 
which  is  nearly  the  average  direction  in  which  the  great  ice-sheet 
passed  over  the  Glasgow  district. 

During  the  levelling  operations  on  the  crown  of  the  hill,  and 
the  cutting  out  of  the  deep  foundations  for  various  portions  of  the 
New  Buildings,  excellent  opportunities  were  afforded  of  studying  the 
structure  of  the  Till  and  its  boulders  on  this  portion  of  the  grounds, 
some  two  or  three  hundred  tons  of  the  largest  stones  having  been 
laid  aside  in  heaps,  to  be  afterwards  used  for  macadamizing  purposes. 
In  these  boulder  heaps,  examples  may  be  selected  of  nearly  all 
the  typical  rocks  known  to  exist  in  the  west  and  north-west  of 
Scotland.  During  the  last  year,  I  have  formed  a  collection  of  200 
dressed  specimens  of  the  most  distinct  varieties  found  on  the  crown 
of  the  hill.  These  I  have  placed  in  the  Hunterian  Museum  of  the 
Glasgow  University,  so  that  after  it  is  removed  to  Gilmorehill,  the 
collection  will  form  a  sort  of  memorial  of  the  great  variety  of 
travelled  rocks  found  on  the  site. 

It  may  be  interesting  to  note  shortly  the  principal  varieties 
embraced  in  this  collection,  as  stated  in  the  following  list: — 

Urauite,  9  varieties, Very  rare. 

Gneiss,  3  vars., Do. 

Micaceous  and  Ckloritic  schists,  8  vars. ,      -         -  Rather  rare. 
Quartz  rock  and  Quartzite,  14  vars.,    -         -         -  Do. 

Grauwacke  or  quartzose  Silurian  schists,  12  vars..  Common. 

Metamorj)hic  limestone,  2  vars. ,  -         -         -  Very  rare. 

Old  red  sandstone,  12  vars.,         ....  Common. 

Carboniferous  sandstone,  12  vars.,       -         -         -  Very  common. 

Carboniferous  limestone,  ]  0  vars. ,        -         -         -  Rather  rare. 

Carboniferous  clay -band  ironstone,  o  vars.,  -  Common. 

Carboniferous  black-band  ironstone,  1  var. ,         -  Rare. 

Red  felstone  porphyry,  4  vars.,  -         -         -         -  Very  rare. 

Purple  and  greenish   grey  x^orphyritic  felstone, 

24  vars.,        .         .         .  ...  Very  common. 

Greyish-white  compact  felstone,  4  vars.,      -         -  Rare. 

Diorite— greenstone  and  greystone,  20  vars.,        ■  Common. 

Basalt,  and  porphyritic  basalt,  4  vars. ,        -         -  Rare. 

A  mygdaloidal  felstone  (some  porphyritic) ,  28  vars. ,  Common. 

Trappean  volcanic  ash,  4  \ars.,    •         -         -         -  Very  rare. 

Besides  the  varieties  mentioned  in  the  above  list,  there  are  one 
or  two  specimens  of  jasper,  hornstone,   and  several  other  rocks 
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of  a  sort  of  noudescript  cliiiracter,  which  do  uot  strictly  Ijelong  to 
any  of  the  above  grou^JS,  but  which  I  collected  from  their  peculiarity. 
More  than  two-thirds  of  the  boulders  are  sandstones  and  trap,  the 
largest  met  with  being  boulders  of  a  greenish-grey  felstone 
porphyry.  The  greater  bulk  arc  more  or  less  rounded  on  their 
edges,  and  as  a  general  rule,  those  which  seem  to  have  come  from 
the  greatest  distances,  as  the  granites,  red  felstone  porphyries,  and 
quai-tzites  are  very  much  water-worn  and  rounded.  They  suggest 
the  idea  of  their  having  been  water-worn  boulders,  either  .scattered 
over  the  face  of  the  country,  or  lying  in  river  beds,  before  they 
were  transpoi*ted  by  ice  agency  into  this  district.  During  their 
passage  in  the  ice-sheet  over  the  face  of  the  country,  they  may  have 
received  much  of  their  present  polish  and  striation,  but  it  could 
not  have  been  the  agent  that  gave  them  their  i-ounded  form. 

The  Boulder-clay  as  seen  in  the  deej)  cuttings  on  Gilmorehill 
and  at  other  points  in  this  district,  is  a  very  stiff,  stony  formation, 
of  a  brownish-grey  colour  on  the  top,  and  gradually  deepening  to 
a  black  or  bluish-grey  at  the  bottom  of  the  deposit.  This  change 
in  colour  is  due,  I  think,  to  the  oxidation  by  atmospheric  action  of 
the  ferruginous  rocks  in  the  Till  as  the  deposit  nears  the  surface. 
It  is  entirely  devoid  of  anything  like  stratification,  and  on  Gilmore- 
hill there  have  been  no  beds  of  stratified  sand  or  other  materials 
observed  in  any  part  of  the  cuttings.  This  latter  phenomenon  is 
found  to  be  of  very  rare  occurrence  in  the  true  Boulder-clay  of 
this  district  lying  above  the  present  sea-level. 

I  am  inclined  to  view  the  Till  of  the  low-lying  districts  of 
central  Scotland,  as  a  marine  deposit,  spread  over  submerged, 
glaciated  tracts  of  the  present  land-surface — then  forming  part  of 
the  sea-bottom, — from  the  successive  melting  of  rubbish- laden 
ice,  as  it  kept  contuiually  moving  sea-wards  from  the  higher  levels 
of  the  coimtry,  rather  than  as  a  deposit  resulting  from  the  melting 
of  the  same  ice  over  tracts  of  land  lying  above  the  sea.  My  reasons 
for  holding  this  view  in  opposition  to  the  latter  opinion,  are,  that  the 
Boulder-clay  has  been  found  in  the  Kilmaurs  and  Endrick  valleys, 
lying  over  sand  and  claybeds  containing  arctic  shells,  wliile  in  numer- 
ous other  localities  in  the  west  of  Scotland,  the  Till  is  found  to  be 
overlaid  by  similar  deposits,  with  arctic  shells.  The  first  case  proves 
clearly  I  tlmik,  that  these  valleys  were  under  the  sea  when  the  Till 
of  those  districts  were  deposited,  and  in  the  latter  case,  that  the  lower 
tracts  of  the  Till  could  not  have  been  above  the  sea  when  the  arctic 
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sliell  beds  of  the  Clyde  valley  were  laid  down  over  it.  Besides,  if 
we  closely  examine  tlie  composition  of  tlie  Boulder-clay  in  this 
district,  we  find  that  nearly  one-half  of  its  bulk  is  composed  of 
a  clay  so  fine  in  its  character,  that  the  greater  portion  floats  away 
in  the  washing,  as  an  impalpable  mud. 

Had  the  Till  been  left  as  a  deposit  from  rubbish-laden  ice, 
melting  over  tracts  above  the  sea-level,  I  would  not  then  have 
expected  it  to  contain  in  its  composition  all  the  elements  of  the 
finest  glacier  mud,  for  the  melting  of  the  water  in  the  ice  sheet 
would  naturally  carry  this  mud  down  to  the  lowest  levels  of  the 
country,  and  spread  it  out  over  lake  or  sea-bottoms  as  a  deposit 
similar  in  character  to  our  brick-clays,  v»diich  have  evidently  been 
formed  at  a  later  period,  out  of  a  rewash  of  the  finest  materials 
composing  the  Till.  The  Boulder-clay,  as  it  at  present  exists,  con- 
tains all  the  elements  of  this  glacier  mud,  mixed  up  with  the  boulders 
and  other  coarse  materials,  ground  from  off  the  face  of  the  country 
by  the  ice-sheet.  This  rock  matter,  coarse  and  fine,  seems  to  have 
settled  down  in  comparatively  still  water,  over  the  submerged 
tracts  then  covered  by  the  sea,  and  now  forms  a  very  different  sort 
of  deposit  fi'om  the  loose  moraine  matter,  seen  in  some  of  our 
Highland  glens,  which  is  the  debris  of  later  local  glaciers,  and  out  of 
which,  the  finer  materials  have  been  carried,  during  the  escape  of 
the  waters,  to  the  lower  levels  of  the  country. 

On  the  eastern  flank  of  Gilmorehill  opposite  the  "West-end 
Park,  there  were  to  be  seen  during  the  cutting  of  the  terraces, 
several  beds  of  coarse  and  fine  gravel,  sand,  and  brick-clay.  They 
lay  some  sixty  or  seventy  feet  above  the  present  level  of  the  river 
Kelvin ;  and,  at  first  sight,  it  might  have  been  concluded  that 
they  were  stratified  beds  in  the  Boulder-clay  like  others  that  are 
said  to  occur  in  the  Till  of  the  Kelvin  valley  north  of  Glasgow ; 
but  in  the  working  of  the  finer  gravel  and  sand  beds  for  building 
pui-poses  connected  with  the  ISTew  Buildings,  it  was  clearly  seen, 
that  they  only  flanked  the  outer  border  of  the  Till,  and  at  no  j^oint 
higher  up  the  hill  were  they  ever  seen  to  be  covered  by  that  deposit. 
The  beds  are  evidently  a  rewash  of  the  various  materials  compos- 
ing the  Till,  and  must  have  been  laid  down  in  water,  when  the 
land  stood  100  feet  or  more  lower  than  it  does  at  present  under 
the  sea,  and  before  the  channel  of  the  Kelvin  was  scooped  out  to 
its  present  depth. 

Before  closing  this  paper,  I  may  remark,  that  to  those  members 
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who  have  never  had  an  oppoi-tunity  of  seeing  coal-heds  lying  in 
theii'  natural  position,  with  their  accompanying  strata  of  sandstone 
and  shale,  an  early  visit  to  the  instructive  section  in  Gilmorehill 
quarry,  would,  I  am  sure,  afford  them  pleasure,  as  it  Ls  one  of  the 
best  examples  that  I  know  in  this  district,  of  a  condensed  section, 
as  it  were,  of  the  strata  foi'ming  the  typical  coal  measures  of  this 
country.  As  the  quarry  is  being  filled  up,  it  will  soon  lose  much 
of  its  interest;  and  as  the  New  Luildiugs  near  completion,  the 
whole  of  the  sections  and  other  cuttings  that  have  called  forth 
these  remarks,  will  be  ( ntirely  obliterated  on  the  face  of  the  hill. 


LIST  OF  FOSSILS  FIIOM  THE  POSSIL  AND  GOVAN  SERIES. 

(LTppER  Series)— PossiL  Uppeu  Coals  and  Ikonstonfs. 

PLANTS. 

Species.  Modes  of  occurrence  cend  localit'tex. 

Lepidodendron  elegans,  Bron'jn.         In  ironstone  and  shale,  Bishopbriggs 

and  Cadder  pits. 

obovatum,  Slernh.       Crushed  specimens  in   ironstone  and 

coal,  Do.  do. 


Sigillaria  organum,  Llndley. 

rcnifomiis,  Broivjii. 

Stigmaria  ficoides,  Brongn. 


Crushed  specimens    in    coaly    shale, 
Do.  do. 

Crushed    specimens    in    coaly  shale, 
Do.  do. 

In  sandstone  and  shale,  do. 

Cio. 


CRUSTACEA. 


Cy there  Rankiniana,  /.  k  K. 
fabulina,  J.  cO  A'. 


In  black  -band  ironstone,  Bishopbriggs. 

Dwarf  variety  in  stem  of  Lepidoden- 
dron, Cadder  pits. 


pungens,  J.  tO 

K. 

Rare;    black-band   ironstone,      do. 
PISCES. 

llhizodus  Hibberti,  Ag. 

Ptare  ;  single  teeth  in  shale,  Cadder 
ints. 

Megalichthys  Hibberti, 

An. 

Rare ;  single  scales,             do. 

Pala^oniscus,  sp.  ? 

Single  scales,  etc. ,               do. 

Gyrolepis? 

Portions  of  jaws,  scales,  etc.,  supposed 
to  belong  to  a  small  undescribed 
!  pecies  of  this  genus,  Bishopbriggs 

pits. 

Diplodus  gibbosus,  Ag, 

Rare ;  in  shale,                do. 
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(Middle  Series)— Possil  Lower  Coals  and  Ironstones. 
PLANTS. 


Lepidodendron  elegans,  Bronr/n. 

gracile,  Lindl. 

Sigillaria,  sp.? 

Stigmaria  llcoides,  Bronf/n. 


In  sandy  shale  Gilmoreliill  quarry. 

Do.       do.    Cowcaddens  quarr^^ 

Erect  stumps  in  sandy  shale,  Gil  more - 
hill  quarry  ;  crushed  specimens  at 
all  the  xjits. 

Gilmorehill  quarry,  and  all  the  pits,  in 
sandy  shale. 


Cythere  Eankiniana,  ./.  (t-  A'. 

fabulina,  ./.  <C-  K. 

Estheria  ? 


Lingula  squamiformis,  PJuU. 


Pthizodus  Hibberti,  A;/. 


Ccelacanthus  ? 


CRUSTACEA. 

In  bituminous  shale,  Possil  pits. 

Do.  do.,  Gilmorehill  quarry. 

Small  bivalve  shells  striated  concen- 
trically, doubtfully  referred  to  this 
genus.     In  shale,  Possil  pits. 

BRACHIOPODA. 

Very  abundant,  of  large  size,  but  im- 
perfectly preserved,  in  a  coaly 
black-band  ironstone,  Possil  pits,  etc. 

PISCES. 

In  sandstone  and  shale,  Gilmorehill 
quarry.  Large  teeth  and  portions  of 
jaws  in  black-band,  Possil  pits,  etc. 

Single  scales  in  shale,  Gilmorehill 
quarry,  doubtfully  referred  to  this 
genus. 


Acanthodes  sulcatus  ?  Afj. 
Pala^oniscus  Robisoni,   Hihbert. 

striolatus,  Ag. 

— Duvernoyi,  Ag. 


Gyrolepis  ? 

Gyracanthus  formosus,  Ag. 
Ctenodus,  .op.  ? 


Very  rare,  black-band,  Possil  pits. 

In  bituminous  shale  and  black-band, 
Possil  pits. 

Do.  do.  do. 

Specimens  with  concentrically  striated 
scales,  have  been  douljtfully  referred 
to  this  species,  Possil  pits. 

Other  species  of  this  genus  not  yet 
determined  occur  in  the  Possil  pits, 
and  scattered  scales  in  Gilmorehill 
quarry. 

Jaws  of  seemingly  the  same  fish  as 
that  found  in  the  Possil  upper 
series,  black-band,  Possil  pits. 


Very  rare,  black-band 
Do. 


do. 

.In 
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{Lower  Series.)    Gova.n  Ironstones. 

PLANT.E. 

Dadoxylon,  sp.  ?  Portion  of  stem  showing  finely  pre- 

served   woody    stnicture ;     Govan 
ironstone,  Dairy  pits. 

Lepidodendron,  .s;>.  .^  Crushed    specimens    very    common  ; 

Dairy  pits. 

Sigillaria,  .<y>.  ?  Do.  do. 

Stigmaria  ficoides,  Brongii.  Found  at  nearly  all  the  pits.  , 

CRUSTACEA. 

Pygocephalus  Tluxleyi,    Woodicard.     In  clay,  ironstone  nodule;  from  shale 

above  Govan  ironstone;  Inkernian 
pits,  near  Paisley. 

Lcperditia  Youngiana,  ./.  &  K.  In   dark  grey  shale,    Govan    series; 

Dairy. 

BEACHIOPODA. 

Athyris  anibigua,  fiov.  In  bed  of  grey  shale  full  of  marine 

shells,   overlying  the  (iovan    iron- 
stone; Inkerman  pits,  near  Paisley. 

Productns  semireticulatns  var.  Sov.    Xqyv  abundant;^  do. 


costatus  var.  niuricatus,   Ilather  rare ;       Do.  do. 

Very  abundant  in  a  senii-bitumiuous 
Lingula  squamiformis,  Phlll.  shale    at    Inkerman,    Govum,    and 

other  pits  on  this  horizon  through- 
out the  district. 

mytiloides,  Sorr.  Common  on  this  horizon  at  Dairy. 

LAMELLIBRANCHI ATA  (MOXOMYARI A ). 

Aviculopectcn  altcrnatus,  JPCo)/.        t»rey  marine  shale,  Inkerman. 
Pinna  spatula,  M'Coij.  Do.  do. 

LAMELLIBRANCHIATA  (DIMYARIA). 

Axinus  orbicularis,  21'Coi/.  In  semi-bituminous  shale,   Inkerman 

pits  ;  Govan  pits. 

Cypricardia,  ftp.  ?  Do.  do. 

Edmondia  rudis,  M'Coy.  Grey  marine  shale,  Inkerman  pits. 

Sanguinolites  (?)  plicatus,  Portl.  Do.  do. 

Myalina,  sp.  ?  Govan  series,  Knightswood  pit.?,  and 

Inkerman. 

Mvacitessulcatu.=i,  F/^»?.  Do.  <lo. 


Do. 

do. 

Do. 

do. 

Do. 

Go  van  pits. 

Do. 

Dairy  pits. 

Do. 

do. 

Do. 

Inkerman  pits. 
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GASTEROPODA. 
Dentalium  prisciim,  Gold/.  Grey  marine  sliale,  Inkerman 

Loxonema  scalaroidea,  PMll. 
Wacrocheilus  imbricatus,  Sow. 
Murchisonia  striatula,  De  Kon. 
Naticopsis  Omaliana,  De  Kon. 
Eulima  Phillipsiana,  De  Kon. 
Pleurotemaria  granulata,  De  Kon. 

GASTEROPODA  (NUCLEOBRANCHIATA). 

Bellerophon  decussatus,  Fleni.  Grey  marine  sliale;  Dairy  pits. 

Dumontii,  D'Orh.  Do.  Inkerman  pits. 

Urii,  Flem.  Do.  do. 

CEPHALOPODA. 
Nautilus  tetragonus,  Phill.  Do.  do. 

Orthoceras  attenuatum,  Flem.  Do.  do. 

Goniatites,  s/?.  ?  Govan  ironstone;  Dairy  pits. 

PISCES. 

Rhizodus  Hibberti,  Aff.  Teetli  and  portions  of  jaws,     do. 

Note. — The  foregoing  list  embraces  all  the  organisms  that  I  know  to  have  been 
found  in  the  Possil  and  Govan  coal  and  ironstone  series,  but  I  have  hopes  of 
tlie  list  being  extended,  when  a  more  exhaustive  search  is  made  amongst  the 
various  beds  passed  through  in  the  sinking  of  new  jnts,  or  amongst  the  waste 
shale  heaps  at  the  pit  mouths,  which  is  the  only  opportimity  we  have  of 
obtaining  fossils  from  this  group  of  strata. 


XIX.  Notes  on  the  Occurrence  of  seeds  of  Freshwater  Plants 
AND  Arctic  Shells,  along  loith  the  remains  of  the 
Mammoth  and  Reindeer,  in  beds  under  the  Boulder- 
clay  at  KiLMAURS.  By  Messrs.  John  Young  and 
Kobert  Craig. 

(KcadApi-ill,  1S69.) 

The  remarks  which  we  liave  to  bring  before  tlie  Society  this  evening 
are  upon  certa^in  organisms  recently  found  in  strata  that  underlies 
the  Boulder-clay  at  Kilmaiirs,  near  to  Kilmarnock.  Ever  since 
the  discovery,  in  the  year  181 G,  of  the  remains  of  the  Mammoth, 
Elej)JLas  jyi^itnigenius,  and  the  lleindeer,  Cervus  tarandus,  at  the 
Woodhill  quarry,  Kilmaurs,  these  beds  and  their  remains  have 
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attracted  the  attention  of  nearly  every  ^^'l•iter  on  Scottish  post- 
tei-tiary  geology.  Since  the  period  of  the  first  discovery,  some  nine 
or  ten  tnsks  and  a  portion  of  a  molar  tooth  had  been  found,  along 
with  horns  of  the  Reindeer.  Two  of  the  tusks  and  the  honis  of 
the  Reindeer  arc  preserved  in  the  Hunterian  Museum,  Univei-sity 
of  Glasgow.  These  remains  were  at  one  time  referred  to  the  Till  or 
drift.  Mr.  A.  Geikie  says,i  "It  is  singular  that  in  this  little 
Ayi'shire  valley,  within  the  compass  of  a  few  yards,  there  should 
occur  a  greater  numljer  of  mammalian  remains  than  have  been 
obtained  from  the  drift  of  all  the  rest  of  Scotland  ;  and  that 
among  these  there  should  Ijc  well-preserved  relics  of  the  only  two 
mammals  which  have  yet  been  ascertained,  beyond  a  doubt,  to  have 
inhabited  Scotland  during  the  drift  period." 

Dr.  James  Bryce,-  a  few  years  ago,  however,  having  become 
satisfied  of  the  unfossiliferous  nature  of  this  deposit  as  it  exists  in 
the  West  of  Scotland,  made  an  examination  of  the  Kihnaurs  beds  ; 
and  fr(jm  information  obtained  from  parties  who  had  formerly 
worked  in  the  old  (piarry,  and  from  a  new  section  of  its  ft\ce 
opened  up  for  him,  was  at  last  able  to  show  clearly  that  the 
remains  of  the  Mammoth  and  the  Reindeer  were  not  found  in  the 
Bonlder-clay,  but  in  certain  thin  beds  underlying  the  Till,  super- 
imposed upon  the  carboniferous  strata  of  the  Woodhill  quarry. 
The  followmg  is  the  section  of  the  quarry  given  by  Dr.  Bryce  in 
his  paper,  showing  the  thickness  and  nature  of  the  beds,  as  seen 
in  ascending  series  :-- 

"  1. — Carboniferous  sandstone,  terminating  Tipwards  in  beds  of 
sandy-clay  resembling  a  fire-clay. 

2. — Hard  gravel,  with  a  little  clay  and  small  bits  of  round, 
smooth  stones,  most  of  them  quartz  and  trap,  but  all  free  from 
striation.  There  are  also  many  white  and  gi'ey  spots,  and  small 
decomposing  lumps  of  sandstone  and  limestone,  often  with  an 
unctuous  feel,  as  if  containing  steatite.  The  mass  hjis  something 
of  the  look  of  an  artificial  cement — a  resemblance  noted  by  all  the 
men  who  speak  of  it  as  if  '  run  together.'     Thickness — 2  feet. 

3. — A    fine    dark-blue    clay,    with    occasionally   small    bits    of 


1  Glacial  Drift  of  ScotLiuJ.  Trans.  Geol.  Soc.  of  Glas.,  Vul.  I.,  Tart  II.  ISfi.*?, 
r.  71. 

-  On  the  Occurrence  of  Beds  in  the  "West  of  Scotland  beneatli  the  Boulder 
Gl.iy.  By  James  Bryce,  M.A.,  LL.D,,  T.G.S.  Quart.  Joiuu.  Geol.  Soc.  Vol.  XX J. 
186b;  p.  213. 
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quartz  and  other  pebbles,  extremely  distinct  in  cliaracter.     Thick- 
ness— 9  inches. 

4. — Sand,  irregulai'  in  structure ;  very  tine  in  places,  and 
again  coarse,  approaching  gravel,  very  like  river-sand.  6  to  18 
inches. 

5.  —  Boulder-clay  of  reddish-ljrown  colour,  A^eiy  tough  and 
unworkable,  full  of  large  boulders  and  smaller  stones,  mostly 
smooth,  polished,  and  striated  ;  bits  of  coal-shale  covered  with 
striations,  not  crushed.      IG  feet. 

6. — Upper  drifts,  with  stones,  but  much  more  open  in  texture, 
no  striations.     20  feet. 

7. — Subsoil  and  surface  soil." 

The  important  point  which  Dr.  Bryce  established  by  opening  up 
tlie  face  of  the  quarry,  was,  that  there  lay  under  the  Boulder-clay 
certain  .strata  dissimilar  in  character  from  the  Till ;  and  that  it  was 
in  these  beds  that  the  organisms  were  reported  as  having  been 
found  in  former  years.  On  this  occasion  no  remains  were  found, 
but  any  disappointment  that  may  have  been  felt  .on  this  score, 
was,  we  think,  fully  compensated  by  establishing  the  relation  of 
these  beds  to  the  overlying  Boulder-clay  of  the  district.  Besides 
the  mammalian  remains  found  in  the  Wood  hill  quarry,  specimens 
of  various  genera  of  marine  shells  were  reported  as  having  occuiTcd 
in  the  same  l>eds,  but  unfortiniately,  as  none  of  them  were  ever 
con-ectly  identified,  no  satisfactory  opinion  could  afterwards  be 
formed  either  as  to  their  true  character,  or  whether  the  shells  lay 
in  the  same  Ijed  with  the  tusks  and  horns,  or  in  the  bed  above, 
From  Dr.  Bryce's  i)aper,  we  learn  that  he  is  inclined  to  place  the 
shells  in  the  sand-bed,  JSTo.  4  of  his  section,  and  the  mammalian 
remains  in  bed  No.  3.  He  says,  "Now  all  the  men  who  had 
been  connected  Avith  the  quarry  at  any  of  the  times  when  fossils 
were  found,  agreed  in  placing  them  below  the  'hard  and  tough 
Till,'  which  was  never  known  by  them  to  contain  anything  but 
large  and  small  stones,  and  in  referring  them  to  the  two  beds 
below  it,  the  sand  and  clay  over  the  gravel — that  is,  the  Ijeds  Nos. 
3  and  4.  Of  these,  the  sand-bed  No.  4  was  stated  to  be  most 
irregular  in  its  development,  occurring  rather  in  '  nests  '  than  as  a 
continuous  bed  under  the  Till  throughout  the  whole  extent  of  the 
workings.  This  bed,  indeed,  even  through  the  limited  extent  to 
which  I  traced  it  in  searching  for  shells,  varied  much  :  it  seemed 
thinnmg  out  southwards,  while  northwards  it  increased  in  thick- 
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ness  from  G  to  18  inclics.  Tliis  bod  was  the  chief  repository  of 
the  shells,  the  chiy  below  it  that  of  the  Elephant-remains;  between 
them,  and  partly  imbeddevl  in  the  clay,  the  horn  of  the  Reindeer, 
with  a  portion  of  the  skull  attached,  was  found,  further  forwar<l  in 
the  cutting,  and  later  than  the  Elephants'  bones,  Ijut  the  geological 
lioi-izon  was  exactly  the  same." 

After  bringing  forth  some  other  evidence  against  the  idea  of 
these  beds  belonging  to  the  Loulder-clay  period,  Dr.  Bryce 
concludes  his  paper  by  saying, — "The  abundance  of  Mammoth 
remains  suggests  a  correspondence  with  the  Cromer  forest-bed  of 
the  Norfolk  coast,  the  chief  repository  of  the  remains  of  this 
species,  though  they  occur  also  rarely  in  beds  above  the  Boulder- 
clay.  It  is  not  meant,  however,  that  our  deposit  is  not  a  member 
of  the  Glacial  series,  for  the  Boulder-clay  merely  marks  the  climax 
reached  by  refrigerating  causes  which  had  long  operated.  It  is 
only  intended  in  the  meantime  to  indicate  an  analogy  :  the  facts 
do  not  warrant  an  attempt  at  classiti  cation.  Another  analogy 
with  the  English  series  is  presented  by  the  estuanne  character  of 
the  Kilmaurs  deposit.  The  beds  of  sand,  sandy-gravel,  and  clay 
underneath  the  Till,  have  all  the  characters  of  such  a  deposit,  or  one 
formed  near  a  liver-mouth  on  the  sea-shore.  This  opinion,  lurmed 
on  the  fii'st  inspection  of  the  section,  was  afterwards  coutirmed  by 
chemical  examination  of  the  sand,  in  which  a  small  quantity  of 
common  salt  was  detected.  The  Woodhill  quarry  is  90  feet  above 
the  level  of  the  sea,  and  five  miles  distant  from  it  in  a  direct  line." 

We  have  quoted  these  passages  from  Dr.  Bryce's  interesting 
paper  to  show  the  conclusions  at  which  he  had  arrived,  and  ihe 
amount  of  evidence  that  we  possessed  regarding  these  beds  and 
their  fossils,  previous  to  the  discoveries  which  we  have  now  to 
bring  before  you.  These  consist,  in  the  first  case,  of  the  remains 
of  the  seeds  of  freshwater  plants  and  insects,  found  along  with  the 
tusks  of  the  Mammoth,  and  horns  of  the  Reindeer,  in  bed  No.  3  of 
Dr.  Bryce's  section;  and  in  the  second  case,  of  the  remains  of 
certain  species  of  arctic  shells,  etc.,  found  in  the  recent  sinking  of 
one  or  two  pits  for  coal  at  Kilmaurs ;  the  shells  being  found  in 
the  sand-bed  No.  4,  under  the  Boulder-clay. 

In  the  year  1829,  on  the  -Ith  of  Dec,  a  tusk  of  the  Mammoth, 
and  a  pair  of  horns  of  the  Reindeer,  wore  found  in  the  Woodhill 
ijuarry.  These  specimens  were  i)rcsented  to  the  Hunterian  !Museum 
by  Thomas  Fulton,  Esq.,  at  that  time  proprietor  of  Greenliill,  the 
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property  on  wliicli  tlie  quarry  is  situated.  ^  The  card  attached  to 
these  remains  states  that  they  were  found  at  a  depth  of  34  feet 
from  the  surftice,  imbedded  in  diluvium  or  Till ;  but  there  is  no 
mention  of  any  shells  having  been  found  along  with  them.  For- 
tunately, a  portion  of  the  sandy-clay  in  which  some  of  the  smaller 
fragments  of  the  horns  of  the  Reindeer  were  imbedded,  was  also 
sent  to  the  jMuseum,  and  tlie  clay  was  not  all  cleaned  away  from 
the  cracks  and  crevices  in  the  tusk.  Kecently  it  occurred  to 
us,  that  if  a  bit  of  this  clay  was  carefully  washed  it  might  be 
got  to  tell  its  story,  like  other  clays  in  our  neighbourhood,  both 
glacial  and  carboniferous.  A  small  piece  about  the  size  of  a  duck 
egg  was,  therefore,  allow^ed  to  dissolve  in  water.  After  a  while, 
we  found  numerous  brown  organisms  floating  on  the  surface. — 
These  proved  to  be  the  seed-cases  of  several  species  of  freshwater 
plants.  The  material,  on  being  washed  free  of  the  brown  clay, 
was  carefully  dried,  and,  on  being  searched,  it  yielded  upwards  of 
300  seed-cases,  and  seeds  of  plants,  the  most  abundant  of  which 
being  a  species  of  Potamogeton  and  Ranunculus,  along  with  a  few 
seeds  of  Hipimris.  Altogether,  some  five  or  six  species  of  seeds 
were  found,  one  or  two  of  which  have  not  yet  been  determined. 

To  satisfy  ourselves  that  the  horns  and  the  tusk  came  out  of 
the  same  bed,  we  washed  some  of  the  sandy-clay  picked  out  from 
the  crevices  in  the  tusk,  and  found  more  of  the  same  species  of 
seeds ;  also  the  wing-case  and  thorax  of  a  small  beetle.  A  careful 
search  failed  to  reveal  any  other  organisms,  either  freshwater  or 
marine.     We  were  satisfied  that  the  deposit  in  which  the  tusk 

1  Note. — All  the  tusks  of  the  Mammoth  and  horns  of  the  Remdeer  seem  to  have 
been  found  at  the  old  "Woodhill  quarry,  Avhich  has  been  abandoned  for  many 
years,  OA^ng  to  the  gi'eat  expense  of  removing  the  rapidly  increasing  thickness  of 
surface  drift  and  Boulder-clay  lying  over  the  sandstone  rock. 

There  is,  however,  a  little  obscurity  regarding  the  exact  locality  of  one  of  the 
two  tusks  in  the  Hunterian  Museum.  The  old  card  attached  to  the  specimen 
has  the  folloAving  ^a-itten  upon  it— "Tusk  of  the  Fossil  Elephant  found  in 
dilu\dum  in  the  neighbourhood  of  Kilmarnock.  Presented  by  Thomas  Morton, 
Esq.,  Ivilmarnock,"  As  Kilmaurs  is  in  the  neighbourhood  of  Kilmarnock,  we 
can  only  reasonably  infer  that  it  is  one  of  the  nine  tusks  said  to  have  been  found 
in  the  "Woodhill  quarry.  The  ivory  in  this  tusk  is  wonderfully  well-preserved,  a 
portion  of  tlie  larger  end  being  saAvn  off,  evidently  for  the  purpose  of  being  used 
in  the  manufacture  of  some  article.  The  following  are  its  present  dimensions  : — 
Length,  20^  inches  ;  curve  of  tusk  in  the  same  length,  3  inches ;  circumference, 
large  end,  11^  inches— smaller  end,  8^  inches.  The  ivory  in  the  tusk  j^resented 
by  ]\Ir.  Fulton  is  very  much  decayed,  its  dimensions  are  as  follows  .-—Length,  32 
inches ;  curve,  o\  inches ;  circumference,  large  end,  12f  inches— small  end,  11^ 
inches.  The  lieindeer  horns  found  along  with  this  tusk  have  been  broken  into  a 
number  of  pieces.  The  longest  portion  when  put  together  measures  33  inclies  in 
length,  and  its  circumference,  one  inch  above  the  burr,  5  inches.  The  horns 
have  cA-idently  belonged  to  a  large  and  Avell-grown  animal.  There  is  also  a  toe- 
bone  of  apparently  the  same  deer  in  the  collection. 
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and  tlie  liorns  were  imljetUled  was  of  freshwater  origin,  and  quite 
distinct  from  that  said  to  contain  tlio  marine  shells. 

The  recent  discovery  of  other  marine  shells  in  the  Kilmaui*s 
beds  is  due  to  our  having  lately  been  at  Kilmarnock  ;  and  while 
there  we  learned  that  in  a  new  pit  (No.  0,  Woodhill,  Kilmaurs), 
shells  had  been  found  by  the  pi<>sinkers.  On  hastening  to  the  spot 
we  found  that  the  sand-bed  in  which  the  shells  were  discovered 
had  been  covered  up  by  the  later  materials  brought  out  of  the  i>it, 
so  that  none  were  now  to  be  obtained,  and  the  yjit  was  so  closely 
boarded  down  its  sides  that  none  of  the  sand  could  be  picked  out 
from  the  seams.  We  were,  however,  fortunate  in  obtaining  from 
Mr.  Yates,  Jun.,  the  manager  of  the  pit,  all  the  examples  of  the  shells 
which  he  still  retained  in  his  possession.  These  he  has  kindly 
l)resented  to  the  Hunterian  Museum,  to  be  placed  alongside  the 
other  Kilmaurs  organisms.  Other  shells  went  into  the  hands  of 
various  parties  about  Kilmarnock,  which  we  were  unable  to  trace. 
The  shells  presented  by  JNIr  Yates  consist  of  the  following 
species  : — 

Natka  Groinlandka,  two  snicall  specimens. 

N.  clausa  ?  fragment  of  large  shell. 

Liltorina  littorea  ?  fragment  of  pillar  lip. 

Cyprina  Islandka,  nine  fragments. 

Astarte  sulcata,  two  perfect  valves,  four  fragments. 

A.  compressa,  three  perfect  valves,  two  fragments. 

Tellina  cakarca,  three  fragments. 

Leila  ohlomja,  four  fragments. 

Pecten  Islandkus,  three  fragments. 

Balamis  iwrcatus  '  two  fragments. 

This  new  pit  in  which  the  above  shells  were  obtained  is  about 
one  half  mile  distant  from  the  old  Woodhill  quarry,  where  the 
shells  were  formerly  found.  The  sand-bed  in  which  they  occur  is 
of  a  light  reddish-brown  colour,  exactly  like  the  sea-sand  on  the 
neighbouring  Ayrshire  coast.  It  lies  under  50  feet  of  surface 
drift  and  Boulder-clay.  JMr.  Yates  states  that  the  surface  beds  in 
the  pit  ar  J  as  follows  : — 

Surface  drift  and  Boulder-clay,  50  feet. 

Sand-bed  containing  arctic  marine  shells,  1  foot  3  inches. 

Sandy  peaty-clay,  about  1  foot. 

Coarse  gravelly  sand,  1  foot  G  inches. 

Carboniferous  strata. 
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It  will  be  perceived  that  this  section  agrees  very  closely  w^itli 
that  of  the  Woodhill  quarry,  as  stated  by  Dr  Bryce ;  and  in  all 
the  other  pits  and  bores  previously  put  down  in  this  district,  we 
have  learned  that  wherever  the  surface  beds  under  the  Boulder- 
clay  have  escaped  denudation,  their  character  and  relation  to  each 
other  is  always  as  distinct  as  in  the  foregoing  sections  quoted. 
The  bed  of  "  sandy  peaty-clay"  has  been  noticed  in  several  of  the 
other  pits  and  bores,  but  none  of  it  has  been  searched  for 
organisms.  We  are  satisfied,  however,  that  it  is  the  same  as  bed 
No.  3  at  Woodhill  quarry,  yieldmg  the  seeds  of  the  freshwater 
plants;  and  from  the  character  which  the  borers  and  pit  sinkers 
give  it,  it  is  evident  that  this  deposit  is  mixed  up  with  a  con- 
siderable amount  of  vegetal jle  matter  at  several  places  in  the 
district. 

In  a  new  pit  at  present  being  put  down  at  Woodhill,  Kilmaurs, 
by  Mr.  Yates,  about  250  yards  south-east  from  No.  9  pit, 
where  the  above-mentioned  shells  were  found,  the  sand-bed  was  5 
feet  in  thickness.  Mr.  Yates  has  kindly  furnished  the  following 
section  of  the  surface  beds  : — 

Surface  drift  and  Boulder-clay,  42  feet. 

Sand-bed,  o  feet. 

Claj'-'Shale  forming  the  roof  of  the  "  Major-Coal.'' 

In  this  pit  the  gravel-bed  and  peaty-clay  were  off.  Mr.  Yates 
informedus  that  the  only  trace  of  the  peaty-bed  that  existed,  was  near 
the  bottom  of  the  sand-bed,  where  it  became  blacker  and  softer,  but 
there  was  no  clay.  In  No.  9  pit,  the  Avorkmen  stated  that  shells 
were  common  in  the  sand-bed.  In  this  pit,  however,  none 
were  observed;  but  in  the  washing  of  a  small  quantity  of  the  sand, 
after  it  had  been  taken  out  of  the  pit,  by  Mr.  David  Kobertson 
and  ourselves,  the  following  organisms  were  found  :  — Astarte  com- 
j)ressa,  fragment  of  one  valve ;  Leda  i-)ygmcea^  fragments  of  the 
hinge  portion  of  the  shell,  Polystomella  striato-jmnctata,  P.  arcfica, 
Biloculina  elongata^  Lagena  ma7'ginata,  var.  Z.  sulcata,  Cythere 
concinna,  and  Cytlieridea  jyunctillata.  A  few  seeds  of  Potamoge- 
ton,  PaimnculuSj  etc.,  were  also  obtained,  which  show  that  the 
peaty-bed,  mentioned  by  Mr.  Yates,  is  not  entirely  a  wanting  at  the 
bottom  of  the  sand-bed,  as  indicated  by  the  seeds  of  these  freshwater 
plants.  Their  occurrence,  in  the  same  wasliings,  along  with  the 
marine  organisms,  can  in  this  case  be  easily  explained  ]jy  the  fact 
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that  the  })ecl  of  sand  liad  lain  for  some  v,'eeks  at  the  pit  mouth  ere 
any  of  it  liad  been  collected  by  us,  and  during  that  time  the 
various  poi-tions  of  the  bed  had  got  mixed  together.  The  finding 
of  the  above  organisnis  in  this  new  pit  clearly  establishes  the  rela- 
tion of  the  sand  and  peaty-bed  with  that  of  the  other  pits  and  the 
quarry,  but  they  do  not  seem  to  be  equally  distributed  in  these  beds 
over  the  district. 

We  have  taken  considerable  pains  in  tracing,  from  bores  and 
pit  sections,  the  extent  of  these  beds  under  the  Boulder-clay  of  the 
Kilmaurs  district,  and  we  find  that  they  are  of  a  very  irregular 
character.  At  old  Woodhill  quarry,  and  No.  9  pit,  we  have 
seen  that  all  the  beds  were  on;  at  the  present  sandstone  quany, 
and  in  other  pits  and  bores  the  beds  are  off,  the  overlying  Boulder- 
clay  resting  at  these  latter  points  directly  upon  the  carboniferous 
strata,  without  any  intervening  sand  or  gravel  beds.  Another 
interesting  fact  which  we  have  obtained  information  about  goes  to 
prove  that  the  lower  gravel  and  sandy-clay  beds,  Nos.  2  and  3  of 
Dr  Biycc's  f-ection,  had  suffered  denudation  over  certain  tracts  in 
the  above  district,  before  the  bed  of  sea-sand  with  the  marine 
shells  was  deposited. 

This  sand-bed  is  extremely  variqible  in  the  district.  In  pursuing 
our  investigations  regarding  it,  we  were  much  indebted  to  A. 
Finnic,  Esq.,  coal  master,  Kilmarnock,  for  kindly  furnishing  sec- 
tions of  the  surface  strata  in  pits  wTOUght  by  him  on  the  lands  of 
Annandale,  Kilmarnock.  These  juts  lie  from  one  half  mile  to  a 
mile  south,  and  south-west  from  Woodhill.  In  some  of  them  the 
sand-bed  was  found  from  twenty  to  thirty  feet  in  thickness,  while 
in  others  it  was  entirely  absent,  the  Boulder-clay  being  found 
resting  on  the  coal  strata.  Mr.  Gilmour,  underground  manager 
of  one  of  the  pits  at  Crosshouse,  informed  us,  that  in  one  of  the 
pits  put  down  some  thirty  years  ago,  shells  were  got  in  sinking 
through  this  sand,  but  no  recoi-d  was  ever  made  of  their  discovery 
at  this  point. 

The  following  statement,  furnished  by  the  sections  in  nine  of  ]\rr. 
Finnie's  pits,  shows  where  the  sand-bed  and  peat-bed  is  off  or  on, 
also  the  great  thickness  of  the  surftice  drift  and  Boulder-clay  in 
several  of  the  pits  : — 


Xo. 

2, 

No. 

.3. 

Ko. 

4. 

No. 

5. 

No. 

6. 

No. 

7. 

No. 

8. 

No. 

9. 

do. 

84  feet;  saud-l-cd, 

30  feet. 

do. 

SG  feet. 

do. 

SO  feet;    sand-bed, 

,  15  feet. 

do. 

sand-bed, 

20  feet. 

do. 

GO  feet;  sand-bed, 

10  feet. 

do. 

40  feet;  sand-bed, 
clay  and  gravel. 

4L  feet; 

jDeaty 

do. 

do. 

GO  feet;  sand-bed, 

20  feet. 
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No.  1.  .Surface  drift,  and  Boulder-clay,  sand,  and  peaty-clay.  Shells  found  here. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 


Ill  two  of  the  pits  we  were  unable  to  get  tlio  exact  thickness 
of  the  surface  drift  and  Boulder-clay.  Mr.  Finnie  informed 
us  that  in  No.  3  pit  there  were  found  at  the  bottom  of  tin 
Boulder-clay,  and  resting  on  the  carboniferous  sandstone,  a  great 
number  of  large  water-worn  stones  with  gravel.  These  stones,  he 
stated,  had  all  the  appeanxnce  of  having  formed  part  of  an  old  river 
bottom.  He  had  noticed  the  same  phenomenon  at  the  bottom  of 
the  Boulder-clay  in  some  of  the  other  pits,  and  had  come  to  the 
conclusion  that  they  lay  in  the  course  of  some  old  pre-glacial  river 
that  once  existed  in  that  district. 

The  upper  surface  drifts,  composed  of  comparatively  loose  gravels 
and  sands,  are  of  considerable  thickness,  and  have  evidently  been 
formed  out  of  a  re  wash  of  the  various  materials  composmg  the 
Boulder-clay,  which  is  seen  to  have  suffered  extensive  denudation 
at  many  places  in  the  Kilmaurs  district  ere  these  sands  and  gravels 
were  deposited.  In  no  instance  have  we  found  any  evidence  of 
stratified  beds  of  gravel  or  sand  in  the  Boulder-clay  of  the  Carmel 
valley,  which  might  in  any  way  be  held  to  favour  the  opinion  that 
the  bed  of  peaty  sand,  in  which  the  seeds  and  mammalian  remains 
were  found,  as  well  as  the  sand-bed  with  arctic  marine  shells,  were 
of  inter-glacial  origin.  A  bed  of  stony  clay,  reported  in  one  or 
two  bores,  as  lying  beneath  the  sand  and  gravel  beds,  is  seen  in 
Mr.  Yates'  new  pit  to  be  a  very  light-coloured,  rotted  carbonifer- 
ous shale,  with  hard  nodules,  forming  the  roof  of  the  "  major  coal." 
The  whole  of  the  evidence  which  we  have  obtained  points  rather  to 
the  Carmel,  being  a  pre-glacial  valley,  in  which  we  had  two  sets  of 
strata  laid  do'.vn  ere  the  Boulder-clay  of  the  district  was  deposited 
over  them.  The  beds  of  gravel  and  sandy  peaty-clay,  containing 
the  seeds  of  the  freshwater  plants  and  mammalian  remains,  Nos. 
2  and  3  of  Dr.  Bryce's  section,  we  consider  as  either  of  lacustrine 
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or  estuariuo  origin.  The  bed  of  sand  with  arctic  inariiie  shells, 
which  overlies  those  beds,  clearly  shows  that  the  district  wiis 
depressed  under  sea-level  before  it  was  deposited,  and  we  have  further 
evidence  that  in  the  interval  these  freshwater  beds  had  suffered 
denudation  over  certain  tracts,  the  bed  of  marine  sand  being  found 
resting  on  the  carboniferous  strata.  The  next  part  of  the  evidence 
obtained  from  the  ]>its  and  bores  show  that  both  the  freshwater 
and  marine  beds  had  suffered  deniulation  at  other  points  in  the 
district  before  the  deposition  of  the  Boulder-clay. 

In  bringing  these  remarks  to  a  close,  we  have  only  to  observe 
that  the  evidence  gained  by  our  recent  discoveries,  beyond  what 
was  formerly  known,  tends  to  establish  in  a  clear  manner  the 
existence  of  two  sets  of  strata  of  different  origin  and  age  under  the 
Boulder-clay  of  the  Carmel  valley  at  Kilmaurs — the  lower  being 
of  freshwater  origin;  the  upper,  an  arctic  marine  deposit.  With- 
out giving  a  decided  expression  as  to  the  particular  age  of  either 
deposit,  we  are,  however,  inclined  to  view  them  as  pre-glacial 
remnants  of  the  oldest  post-tertiary  beds  yet  discovered  in  the 
west  of  Scotland,  and  from  the  character  of  the  organisms,  mark- 
ing, as  it  were,  the  dawn  of  the  glacial  period  in  this  country. 

Note.  —  Since  this  paper  was  read,  there  has  appeared  a 
paper  by  Mr.  W.  Boyd  Dawkins,^  in  which  he  j^laces,  to  our 
surprise,  the  remains  of  the  Mammoth  and  lieindeer  found  at 
Kilmaurs  in  his  post-glacial  series,  or  in  beds  more  recent  than 
the  Boulder-clay  period  ;  while  at  the  same  time,  from  the  refer- 
ence he  nia^ies  to  the  papers  of  Dr.  Bryce,  he  was  fully  aware  that 
these  remains  were  found  in  strata  that  underlie  the  Boulder-clay 
of  that  district.  Mr.  Dawkins,  while  speaking  of  the  Mammoth, 
states  (p.  208)  that  it  was  found  "  in  a  deposit  of  sand  and  clay 
which  has  been  proved  by  Dr.  Bryce  to  underlie  the  Till.  Antlei-s 
of  Reindeer  have  also  been  obtained  from  the  same  sti*atum  and  are 
now  deposited  in  the  Hunterian  JNIuseum,  Glasgow."  After 
making  this  statement,  we  can  hardly  conceive  what  motive  could 
have  induced  Mr.  Dawkins  to  place  them  in  his  post-glacial  series, 
except  it  be  that  he  does  not  admit  either  the  Mammoth  or  Reindeer 
into  his  British  pre-glacial  series. 

1  On  the  Distribution  of  tlie  British  Post-glaciiU  Mammals.  Ey  W.  Boyd 
Dawkins,  Esq.,  M.A.,  F.K.S.,  F.G.S.  C^^uart.  Juur.  GeoL  Soc,  vol.  xxv.,  No.  98, 
]\Iay  1,  18G9,  p.  192. 
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Mr.  Dawkins  gives  a  list  of  pre-glacial  mammals  (page  210), 
aud  says: — "  To  tliis  list  Dr.  Falconer  would  add  the  Mammoth; 
but  a  careful  investigation  into  the  evidence  which  was  supposed  to 
establish  its  pre-glacial  age  has  convinced  me  that  the  inference  is 
faulty."  Surely  Mr.  Dawkins,  in  making  this  statement,  either 
overlooks  the  evidence  afforded  by  the  Kilmaurs  specimens,  or 
does  not  understand  the  character  and  true  geological  j^tosition  cf 
the  Boulder-clay  of  Scotland,  when  he  refers  remains  found  under 
that  deposit  to  a  post-glacial  period.  We  think  that  if  we  look  at 
all  the  recorded  instances  of  the  occurrence  of  the  Mammoth  and 
Reindeer  in  Scotland,  we  will  find  that  in  the  majority  of  cases 
they  either  have  been  found  in  beds  under  the  Boulder-clay,  or  in 
that  deposit  itself.  Those  found  in  the  Boulder-clay  may  have 
been  derived  from  the  denudation  of  pre-glacial  beds,  and  in  the 
one  or  two  instances  where  the  Mammoth  has  been  found  in  beds 
more  recent  than  the  Till,  they  still  may  have  been  washed  out  of 
earlier  deposits.  The  Reindeer  in  Scotland  has  had  a  longer 
life-range  than  the  Mammoth,  having  existed  down  to  historic 
times. 

Bearing  upon  the  pre-glacial  age  of  the  Reindeer  in  Scotland, 
we  would  notice  here  a  portion  of  the  right  antler  of  a  Reindeer 
found  in  the  Boulder-clay  at  Raes  Gill,  Carluke,  Lanarkshire.  This 
specimen  bears  evident  marks  of  transportation,  its  burr,  brow- 
tyne,  and  other  extremities  being  worn  and  rounded;  and  the 
whole  surface  has  a  smooth,  polished,  ice-scratched  appearance, 
exactly  like  what  we  meet  with  amongst  the  ice- worn  stones  of 
the  Till. 

This  interesting  relic  was  found  Ijy  the  workmen  while  they 
were  removing  the  Boulder-clay  from  the  surface  of  the  Raes  Gill 
ironstones,  the  Till  being  several  yards  in  thickness  at  the  spot 
where  it  was  found.  It  has  been  in  the  possession  of  Mr.  William 
Grossart,  surgeon,  one  of  the  Society's  corresponding  members  for 
twenty  years,  and  was  lately  presented  by  him  to  the  Hunterian 
Museum.  Independently  of  the  ice-worn  appearance  of  the  horn, 
Mr.  Grossart  was  not  likely  to  mistake  the  nature  of  the  deposit 
in  which  it  was  found,  as  fi-om  an  earlier  j)eriod  he  had  been 
collecting  the  fossils  of  that  district. 

There  is  one  other  statement  in  iMr.  Dawkins'  paper  to  which 
we  wish  to  take  exception.  At  page  208,  he  says: — "The  re- 
markable fact  that  these  two  animals — viz.,  the   Mammoth  and 
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lleinclecr — were  derived  from  l)eds  underneath  the  Till  does  not 
imply  that  Scotland  has  heen  submerged  since  they  lived  in  that 
country,  for  it  is  very  probable,  as  Mr.  Geikie  has  shown, ^  that 
the  Till  in  some  ])laces  is  the  result  of  the  melting  of  land-ice,  and 
not  of  icebergs  floating  on  the  sea."  This  statement  is  now 
entirely  negatived  by  the  discovery  of  arctic  marine  shells  in  the 
sand-l)ed  overlying  that  containing  the  mammalian  remains  at 
Kilmaurs.  Besides,  we  think  there  is  ])lenty  of  evidence,  other 
than  pal?eontological,  to  prove  that  the  low-lying  districts  of  Scot- 
land were  depressed  under  the  level  of  the  sea  to  a  period  as  late 
as  the  formation  of  the  arctic  shell-beds  of  the  Firth  of  Clyde,  and, 
more  recent,  raised  beach  shell-beds,  both  of  which  are  clearly  seen 
to  overlie  the  Till  at  various  heights  above  the  present  sea-level. 
Such  being  the  case,  we  think  it  is  clear  that  the  land  has  suffered 
a  long  submergence  under  the  sea,  since  the  Mammoth  and  Rein- 
deer existed  in  the  pre-glacial  valley  of  the  Carmel  at  Kilmaurs. 


XX.  Tlie  Post-Tertiary  Fossiliferous  Beds  of  Scotland. 
By  Hev.  Henry  W.  Crosskey,  F.G.S.,  and  Mr.  David 
Robertson,  F.G.S. 

(Continued  from  Part  I.,  page  129.) 
VI.— EAST  TARBERT-LOCH  FYNE. 

On  the  north  side  of  Tarbert  Loch,  at  the  north-east  corner,  where 
the  bay  bends  southwards,  a  small  stream,  called  the  Black  burn, 
comes  doA\ai  and  cuts  into  a  bed  of  clay  containing  arctic 
shells,  which  can  be  traced  from  12  to  15  feet  above  high-water 
mark. 

The  shell  bearing  bed,  which  is  of  a  light  grey  colour,  lies  at  an 
incline  of  1  foot  in  10,  and  is  overlaid  by  5  or  G  feet  of  brown 
stony  mould,  which  appears  to  have  been  washed  do^vn  from  the 
hill  side.  In  washing  through  a  sieve  of  96  meshes  to  the  inch, 
100  parts  of  the  dry  material  lost  30  ;  while  10  parts  of  the  residue 
were  retained  in  a  sieve  of  J -inch  mesh,  and  consisted  of  coarse 

1  Trans.  Geol.  Soc,  Glasgow,  Vol.  I.,  Tart  II.,  p.  70 ;  Quart.  Journ.  Gcol.  Soc, 
Vol.  xxi.,  IX  213. 
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gravel.  The  otlier  60  parts  were  composed  of  fine  gravel  and  sand. 
The  shells  are  few,  both  in  number  and  sj^ecies,  in  the  part  of  the 
bed  accessible  at  the  time  of  onr  visit. 

Trochus  Jtellcinus  is  remarkably  prevalent,  and  in  no  other 
glacial  bed  have  we  yet  collected  so  many  specimens ;  many 
examples  retain  their  full  colour. 

Saxicava  rugosa  is  next  in  abundance,  and  the  var.  arctica  also 
appears,  although  not  of  any  marked  size,  few  specimens  reaching 
an  inch.     Portions  of  the  epidermis  are  preserved. 

A  few  fragments  of  2fya  truncata  are  met  with,  chiefly  however 
of  young  forms.  It  is  somewhat  remarkable  that  although  we  did 
not  find  a  perfect  specimen  of  ^Iija  truncata,  the  fragments  v,'ere 
covered  with  fresh  epidermis. 

Littorina  littorea  and  L.   ohtusata  are  scarce,    imperfect,   and 
water-worn;  and  one  example  of  L.  limata  is  in  the  same  condition. 
Tellina  calcarea  is  neither  plentiful  nor  large,  but  water-worn 
and  considerably  corroded. 

Axinus  Jlexuosus  is  moderately  common,  attaining  great  size  and 
strength,  and  covered  with  its  epidermis. 

The  presence  of  water-worn  shells  belonging  to  different  habitats 
leads  us  to  suspect  that  many  of  the  specimens  in  tliis  deposit  have 
not  lived  and  died  where  they  are  now  found,  but  have  been 
brought  after  death  from  greater  or  less  distances. 

Ostracoda  and  Foraminifera  are  poorly  represented,  some  17  or 
1 8  species  of  either  only  occurring. 

There  is  one  curious  circumstance,  characteristic  of  these  local 
groupings,  in  which  the  facts  connected  with  the  fossils  coincide 
with  those  connected  with  recent  deposits,  and  which  it  is  im- 
portant for  the  geologist  to  consider  when  leading  pala^ontogical 
evidence  regarding  the  different  ages  of  the  beds.  Almost  all  the 
deposits  have  their  peculiarly  prevalent  species.  A  rare  species  in 
one  bed  may  be  very  abundant  in  another,  belonging  to  precisely 
the  same  age. 

In  tliis  East  Tarbert  bed,  Pseudocy there  caudata  of  Sars,  is 
moderately  common.  It  is  recorded  as  rare  between  tide  marks 
in  the  Channel  Islands  ;  rare  in  England,  Scotland,  Ireland,  and 
Norway,  in  deep  water,  and  not  till  lately  has  any  example  been 
discovered  in  a  Post-Tei-tiary  deposit. 

Cythere  emarginata  (Sars),  a  still  rarer  species,  is  met  with  in 
the  same  bed. 
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The  only  Biitisli  example  hitherto  known  (so far  as  -sve  arc  aware) 
was  dredged  by  us  in  deep  water  at  Slietland.  In  this  bed,  how- 
ever, male  and  female  specimens  are  moderately  common.^ 

CONCHIFERA. 

Axhius Jlfij'uosus,  Montagu.  Common. 

Tdlina  calcarca,  Chcmn. 
Corhula  ij'bba,  Olivi. 
Ml/a  truncata,  Linn. 
Saxkava  rvfjoso,  Linn. 


Moderately  common. 

Eare. 

Piathcr  rare;  young  and  fragmentary 

Common, 


var.  orctk'ri,  F.  &  II.    Moderately  common. 


GASTEllOPODA. 

Chiton, ?  One  plate. 

Ti'ochm  Orocnlandkus,  Chcmn.  Rare. 

heUcinus,   Fabr.  Common. 

Littorina  Uttorca,  Linn.  Rather  rare. 

ohtiisafa,  Linn.  Rare. 

•  var.  neritiformc,  Brown.  Rare. 

Uinata,  Loven.  Rare 

Purpiwa   laji't/Uii,  Linn.  Rare  ;  fry. 


Balanus  crcnatus,  Brug. 


Sij'trorhis  s/nrilluni,  Linn. 


CRUSTACEA. 

Plates  ;  rather  rare. 

ANNELIDA. 

Moderately  common. 


ECHINODERMATA. 
Echinu.'?  DrOhachkims,  Miill.  Spines  and  plates  ;  common. 

FORAMINIFERA. 

CoriiUiiph'afoUacca,  Sch. 
Qutnquehcidina  scnunuhiin,  Limi. 
suhrotunda,  Mont. 

1  "We  liavo,  as  in  i>vevious  pai)ors,  to  acknowledge  our  obligations  to  i\[r.  J. 
(r.  Jeffreys,  Mr.  H.  B.  Brady,  and  the  Kev.  M.  Norman,  for  theii*  assistance  in 
verifying  the  species  catalogued. 


324  TRANSACTIONS    OF    THE    GEOL.    SOC.    OF    GLASGOW. 

Lagena  sulcata,  W.  &  J. 

JeffreysU,  Brady. 

(jlohosa,  Mont, 

Pohjmorphina  compres-sa,  D'Orb. 

r/ibha,  D'Orb. 

■ ohlonga^  Brown. 

Bulimhia  marglnata,  D'Orb. 

Polystomella  strkUo-pundata,  F.  &  ]\I. 

arctica.  P.  &  J. 

Nonionina ? 

With  one  or  two  undetermined  species. 

The  lists  of  Entomostraca  from  this  and  otlier  localities  are  necessaiily  re- 
served until  the  completion  of  our  monograph  Tipon  them. 

VII.— WEST  TAEBERT. 

Our  attention  was  first  directed  to  this  bed  by  Mr.  James 
Thomson. 

For  a  considerable  distance  along  the  loch  on  the  south  side,  a 
little  beyond  where  the  new  road  begins  near  the  head  of  the 
loch,  it  is  seen  to  crop  out,  in  some  places  abutting  against  the 
native  rock,  to  which  Balani  and  Serpulae  may  be  seen  adhering 
in  great  abundance. 

Further  down,  where  the  rocks  stand  out  more  steeply  into  the 
water,  the  old  shell  bearing  clay  disappears,  and  is  seen  again  in 
the  course  of  about  a  mile  resting  against  the  rock  on  the  west  side 
of  the  bay,  near  wdiere  the  new-  road  joins  the  old  highway. 

Considerable  denudition  has  evidently  therefore  taken  place. 
Many  parts  of  the  true  bed  are  overlaid  by  8  or  10  inches  of  a 
shell  debris  thickly  mixed  with  clay.  This  covering  is  undoubtedly 
a  w^ash  thrown  up  in  heavy  storms,  and  is  coated  with  grass. 
Many  of  the  shells  in  the  lower  clay  have  attained  a  portly  size, 
evidencing  their  growth  under  secure  and  favourable  conditions. 
This  is  particularly  the  case  with  Pecten  Islandicus  and  Buccinum 
u'lidatuin. 

One  hundred  parts  of  the  dry  clay  lost  (j(j  per  cent,  in  washing 
through  a  sieve  of  9G  meshes  to  the  inch ;  16  parts  of  the  residue 
were  retained  in  a  sieve  Jth  inch  mesh,  consisting  of  small  gravel 
and  broken  shells;  the  other  18  pai-ts  were  composed  of  fine  sand. 
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Ostracocla  tire  well  represented :  24  species  occur,  several  of 
which  are  not  yet  determined. 

Foraniinifera  are  about  a  thii'd  fewer  in  nunilK'r,  and  also  coni- 
l)rise  s<jnic  undetermined  forms. 


Auomla  ci>hipinum,  Linn. 
Ptctea  Islaudicus  Miill. 
Mylilm  modiulus,  Linn. 
Nucula  tenuis,  Mont. 

2^c nulla,  Miill. 

Axinus Jfexuosus,  Mont. 
Cyamium  minutum,  Fabr. 
Leda  pyijimea,  Miinst. 
Cardium  fasciatum  Mont. 
Ct/priua  hlandka  Liiui. 
Astarie  sulcata.  Da  Costa. 

compressa,  Mont. 

TeUina  calcarea,  Chemn. 
Scrobicularla  alba.  Wood. 
Saxicava  ruyosa,  Linn. 


OOXCHIFERA. 

Rather  rare. 

Common  and  large. 

Broken  pieces ;  common. 

Moderately  rare. 

Rather  rare. 

Moderately  rare. 

Rare. 

Rather  rare. 

Rather  rare. 

Rare. 

Moderately  common  ;  fry ;  two  lar;: 
valves. 

liare. 

Common,  and  some  lar^^e. 

Rare. 

Rare  ;  very  thick  specimen. 


C/iUun 


GASTEROPODA. 

Common. 

Moderately  common. 

Rather  rare. 

Common. 

Rare. 

Common,  and  very  large. 

Rare. 


Tectura  vrnjlnat^  jMuIJ. 
Lacuna  dicarlcata,  Fabr. 
Littorina  ohtusata,  Linn. 

— limata,  Loven. 

I'dtorea,  Linn. 

liisnoa iKirva,  Da  Costa. 

var.  'infirrupta,  Adams.  Common. 

driaUi,  Adams.  Common. 

tikenea  planorhts,  Fabr.  Moderately  common. 

Homalogyra  atoiuus,  Phil.  Moderately  common. 
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Natica  affinis,  Gmelin. 
Purpura  lajnllus,  Linn. 
Bucchium imdatum,  Chemn. 

Granlandkum,  Cliemn. 

Trophon  claihratus,  Linn. 

fruncalus,  Strom. 

Fusus  antiquus,  Linn. 
Pleurotoma  turricula,  j\Iont. 

pyramidalis,  Strom. 

Trevehjana,  Turt, 

Utriculus  ohtusus,  Mont. 

Celhdaria  scrujwsa,  Ellis. 


Common  ;  large  and  very  fine. 

Moderately  common. 

ISIoderately  common  and  large. 

Eare. 

llatlier  rare. 

Common. 

Eather  rare. 

Eare. 

Eare. 

Eare. 

ISIoderately  common. 


POLYZOA. 


Claio. 

Bcdanus  porccdus,  Da  Costa. 

crenatus,  Brug. 

Verruca  Stromla,  IMlill. 


CEUSTACEA. 

Not  determined, 
in  large  clusters. 
1  plate. 
Moderately  common. 


ECHTNODEEMATA. 

Echinus  Drohachknsis,  MUll.  Plates. 

Ophiura  cdhlda?  Forbes.  Plates;  common. 

ANNELIDA. 

Serpula  vermicular^,  Ellis.  Common. 

FORAMINLFEEA. 

Quinqueloculina  seminulum,  Linn. 
Lagena  kavis,  Mont. 
striata,  Mont. 

semistriata,  Will. 

caudata,  D  Orb. 

distoma,  P,  and  J. 

Poljiiiorphina  compressa,  D'Orb. 
Textularia  variabilis,  Will. 
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Bulimlna  marginata,  D'Orb. 
BoUvina  imndata,  D'Orb. 
TruncatuUna  hbalula,  Walker. 
Polydomella  stnato-pn.ncfata,  F.  &  M. 

a.rctica,  P.  &  J. 

crispci,  Linn. 

A.  few  others  not  cletermincd. 

ALG.E. 
Melohcsia  pohjmoriiha^  Linn.     On  Pcckn  hlandkus. 

VIIL— CRINAN. 

We  are  indebted  for  the  discovery  of  this  bed  to  INIr.  Fyfe, 
engineer,  Ardrishaig.  It  occurs  on  a  small  plateau  on  a  promon- 
tory at  the  north  side  of  No.  1 1  Lock  ou  the  Crinan  Canal.  The 
section  is  exposed  by  a  cutting  made  to  lead  off  the  ^vater  from  the 
high  level. 

A  few  feet  only  of  the  clay  are  exposed,  and  the  sho^l -bearing 
portion  is  a  thin  stratum,  in  which  broken  shells,  Ealani  plates 
and  spines  of  Echini  are  seen  sparsely  scattered.  The  shells  are 
scarce  and  so  fragmentary  as  to  be  determinable  with  difficulty. 
The  Balani  are  more  abundant  and  less  broken,  but  of  small  size. 

Thii'teen  species  of  Ostracoda  were  met  with,  and,  wdth  the 
exception  of  two,  arc  all  common. 

Ten  species  of  Foraminifera  occur,  two  being  undetermined. 

The  clay  is  reddish  brown,  and  loses  GG  per  cent,  in  washing. 
The  height  of  this  bed  above  the  sea  is  30  feet. 


CONCHIFEEA, 

Mytilus  modiolus,  Linn. 

Fragments  ;  common. 

Lcda  pcrmda,  Miill. 

Earc. 

ItyrjiiKxa,  jSIiinst, 

Fuirc  ;  fry. 

Ax'mus  jlcxnosus,  Mont. 

Eare. 

Astartc  borcalls,  Chemn. 

Rare. 

Tcllina  cakarea,  Chemn. 

Rare. 
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GASTEROPODA. 

Littorina  Uttorea,  Linii.  Fragments  ;  rare. 

Velutina  kevigata,  Penn.  Hare. 

Purjjura  lajnUits,  Linn.  Rare. 

Pkurotoma  pyramidalis,  -Strom.  Rare. 

POLYZOA. 
Crisla  eburnea,  Linn. 

CRUSTACEA. 

Plates  and  Claw.  Too  small  to  determine. 

Balanus  crenatus,  Brug. 

iwrcatus,  Da  Costa. 

Verruca  StrOmia,  Miill. 

ECHINODERMATA. 

Echinus  Drohachiensis,  Milll.  Plates  and  spines. 

FURAMINIFERA. 

La<jena  kevis,  Mont. 

distoma,  P.  &  J. 

Dentalina  comynunis,  D'Orb. 
Cristellaria  rotulata,  Lamk. 
Bulimiim  Duirginata,  D'Orb. 
T runcatuUna  lohatula,  Walker. 
Polystomella  atrlato-imnctata,  F.  &  M. 
Nonionina  depressida,,  W.  &  J. 
Two  others  not  determined. 

IX.-DUNTROON. 

We  are  indebted  to  the  kindness  of  the  Rev.  Mr.  Mappleten, 
Duntroon,  for  pointing  out  this  dejjosit. 

It  occurs  a  little  to  the  south  of  Duntroon  Castle,  and  comes  to 
the  surface  at  about  high-Avater  mark.  By  clearing  away  a  slight 
covering  of  gravelly  sand,  a  stiff  brown  clay  is  reached,  containing 
arctic  species  in  considerable  abundance.  "We  have  obtained  more 
specimens  of  Pleurotoma  i-)yraitiidalis  from  this  than  from  any  other 
bed  except  from  one  part  of  the  Paisley  clay. 
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The  clay  wlicn  dry  inibiLes  the  water  very  slowly,  pieces  from 
tliree  to  four  inches  iii  diameter  taking  nearly  24  hours  to  dissolve, 
nevertheless  it  passes  easily  through  the  sieve  and  washes  rapidly, 
losing  83  per  cent,  in  the  operation. 

Thirty-seven  species  of  Ostracoda  and  33  of  Foraminifera  occur, 
in  both  cases  compiising  \"ery  interesting  types. 


Anornia  cphippium,  Linn. 
Pccfen  lalandicus,  Miill. 
Nucula  tenuis,  Mont. 
Leda  j'cniula,  Midi. 

^'//.'y^Kf'a,  Miinst. 

Axinus  jlexuoaus,  Mont. 

Cardium ? 

Mactra  solidu  var.  eUipika,  Br 
C'l/prina  Idaiidica,  Linn. 
Astarte  compressa,  Mont. 
Tellina  calcarca,  Chemn. 
Scrobicularia  alba,  Wood. 
2fi/a  truncata,  Linn. 


Lacuna  divaricata,  Fabr. 
Littorina  obiusata,  Linn. 
JRlssoa  parva,  Da  Costa. 

var.  inta-rupta,  Adams.  Common. 

striata  J  Adams.  Common. 

Skenea  planorhis,  Fabr.  Common. 

Ilonialogyra  aiomus,  Phill.  Common. 

Katica  affinis,  Gmeliu.  Hare. 

Cerithium  reticulatum,  Costa.  Hare. 

Buccinum  undatum,  Liim.  llare. 

Trophon  clathratas,  Linn.  Common. 

var.  Gunno'i,  Loven.   Common. 

truncatus,  Strom.  Common. 


CONCHIFERA. 
Rare. 
Hare. 
Hare. 

Valves,  united  occasionally,  common. 
Common. 
Rare. 
Rare. 
Rare;  fry. 

One  large;  a  few  small. 
Moderately  common. 
Moderately  common;  rather  small. 
Rare. 
Common;  yomig  and  fry. 

GASTEROPODA. 
Common. 
Rather  rare. 
Common. 
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N'assa  reticulata,  Linn.  Eare. 

Phurotoma  pyramidaUs,  Strom.  Moderately  common. 

turricula,  Mont.  Moderately  rare. 

Cyliclina  alba,  Brown.  Rare;  young. 

Utriculus  truncatidus,  Brown.  Rare. 

obtusus,  Mont.  Common. 

Injalinus,  T\xrt.  Rare. 

POLYZOA. 

Discorporella  Gri<j)iomensis,  Busk. 
TubuUpora  phalanfjea  ?  Thompson. 
Criski  cburnea,  Linn. 
Hippotlwa  catemdaria,  Jamieson, 
Lepralia  verrucosa,  Esper. 
3Iembranipora  unicornis,  Blainv. 
Canda  reptans,  Linn. 
Flustra  avicularia,  Mont. 
Two  others  not  determined,  in  bad  condition. 

CRUSTACEA. 

Balanus  jJorcatus,  D'Costa. 

crenatas  Brng. 

Verruca  Strdniia,  Miill. 
Fragments  of  plates  not  sufficiently  large  to  identify. 

ANNELIDA. 

Spirorbis  spirillum,  Linn. 
ISpirorbis ? 

ECHINODERMATA. 

Ophiura  albida?  Forbes.  Plates. 

Echinus  Drobacldensls,  Mull.  Plates  and  spines. 

FORAMINIFERA. 

Cornuspira  foliacea ,  Phil. 
BilocuUna  ringens,  Lamk. 
depressa,  D'Orb, 
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Spirohculina  limbata,  D'Orb, 
Quinqiifhciifhia  seminulum,  Linn. 

l)kornl'*,  W.  &  J. 

subrotunday  Mont. 

TrocJiammina  hijlata,  Mont. 
Laf/ena  liEvls,  Mont. 

mlccita,  W.  &  J. 

striata,  Mont, 

squamosa,  Mont. 

(jlohosa,  Mont, 

distoma,  P.  &  J. 

hkonka,  H.  B.  Brady.— Very  iiue. 

LyelUi,  Sequenza, 


marfjinata,  Mont. 

Nodosaria  sea  Jar  is,  Batscli. 

Dentalina  communis,  D'Orb,— Very  fine. 

tjutlijcra,  D'Orb. 

PoJymorphina  compressa,  D'Orb. 
Glohifjerina  hidloides,  D'Orb. 
Textidaria  variahil'is,  Will. 
BuUmina  marninata,  D'Orb. 
Bolivina  punctata,  D'Orb. 
Discorhina  r/lohularis,  D'Orb. 
TruncatuUna  hhaiula,  D'Orb. 
Polystomdla  crispa,  Linn. 

striato-punctata,  F.  &  M. 

Nonionina  tnrgida?—Smtd\;  deformed. 

X.— OLD  MAINS,  RENFREW. 

In  a  cutting  for  a  tramway  between  the  Houston  Pit,  No.  5,  and 
the  farm  of  Old  Mains,  a  Led  of  shells  is  exposed.  The  cutting  is 
about  six  to  seven  feet  at  the  highest  point,  and  the  bed  of  shells 
stretches  along  the  section  for  about  20  ynrds,  cropping  out  towards 
the  farm  and  dipping  towards  tlio  Piivor  Cart.  It  was  fii-st  noticed 
by  Mr.  Bennie. 
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The  thickest  part  of  the  shell  stratum  exposed  is  from  18  to  20 
inches.  The  cutting  appears  only  to  have  touched  the  edge  of  the 
shell  bed,  as  it  is  not  seen  on  the  opposite  bank. 

The  deposit  is  made  up  of  brown  sand  and  earth  crowded  with 
stones,  many  of  them  covered  wdth  Balani.  Sand  predominates  in 
the  shell  stratum. 

Mytilus  modiolus^  Saxicava  rugosa,  Astarte  sulcata,  and  Axinus 
Jlexuosus  are  found  with  united  valves. 

PISCES. 

Small  vertebrre  of  fish. 


Anoniia  ephij^phim,  Lmn. 
Pecten  IsJandicus,  Miill. 
Mytilus  edidis,  Linu. 


modiolus.  Linn. 


Leda  2^ernida,  Miill. 

2>yginrec(,  Miinst. 

Cardium  edule,  Linn. 
Cyprina  Islandka,  Linn. 

Astarte  sulcata,  Da  Costa. 

compressa,  Mont. 

Tell'ma  balthica,  Linn. 

-   calcarea  Chemn. 
Mya  truncata,  Linn. 
Saxicava  rugosa,  Linn. 


CONCHIFERA. 

Moderately  common ;  small 

Moderately  common. 

Moderately  common  ;  large,  but 
mostly  broken. 


Not  uncommon 
Rather  rare. 


large. 


Moderately  common ;   small. 

Common;  valves  broken;  moderately 
large. 

Common. 

Common. 

Rare. 

Moderately  common  ;   average  size. 

Rare. 

Rare. 


Chiton  marmoreus,  Fabr. 
Tectura  virginea,  Miill. 
Puncturella  Noachina,  Linn. 
Trochus  Grcenlandlcus,  Chemn 
-  tumidus,  Chemn. 

Molleria  costulata,  Miill. 


GASTEROPODA. 

Rather  rare ;   plates. 

Common. 

Common, 

Rather  rare. 

Rare. 

Common. 
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Lacuna,  divaricata,  Fubr.  Common. 

Littor'ina  lUtorea,  Linn.  Common  ;  chiefly  small. 

'  ohfumta,  lAim.  Common. 

Jiissoa  parva,  var.  iufrmipfa,  Adams.  Moderately  common. 

striata,  Adams.  Common. 

Skenea  planorhis,  Fabr.  Moderately  common. 

llomalofpjra  atomus,  Phill.  I'arc. 

Natka  affinis,  Gmcl.  Moderately  commoi  i . 

Grcenhmdica,  Beck.  Rare. 

Velutina  undata,  Smith.  Rare. 

Buccimini  Grcenlandkum,  Chemn.  Rare. 

iindatiLm,\j\i\n,  Young;   common. 

Tro2)hon  truncatus,  Strom,  Common. 

clathratus,  Linn,  Common. 

var.  Gunneri,  Loven.  Common  ;  well  marked. 

Phurofoma  violacea,  Migh.  &  Ad.  Rare. 

rOLYZOA. 

Sphenotvochiis  Wri<jhiii ?  Gossc  Rare. 

CIRRIPEDIA. 

]'t'rnica  Stromia,  Milll.  Common. 

Jliikinu.'i  cnna/u.'^,  Brug.  Common. 

2wrcaii(s,  D'Costa.  ^Moderately  common. 

Hamerl,  Ascanius.  Rare. 

ECHIXODERMATA. 
Echinus  Drobachknsis,  Midi.  Common  ;  spines  and  plates. 

SPONGE. 

Cl'iona  celata,  Grant. 

FORAMINIFERA. 

Lagcna  hvvk,  Mont. 

semUtriata,  Will. 

marghmta,  Mont. 
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Lagena  rjlohosa,  Mont. 
Polymorpluna  compressa,  D'Orb. 
Dentalina  communis,  D'Orb. 
TruncatuUna  lohatula,  Walker. 
PohjstomeJla  striato-jnmctata,  F.  &  M. 

XI.— PAISLEY. 

In  general,  the  Post  Tertiary  clays,  both  on  the  east  and  west  of 
Scotland,  containing  arctic  shells,  rest  on  the  old  Bonlder-clay,  and 
are  overlaid  by  a  few  feet  more  or  less  of  gravel,  or  sand  and 
gravel,  followed  by  a  few  feet  of  mould  or  peat  and  mould. 

The  "  Till,"  underlying  the  laminated  clay  in  the  Paisley  district, 
is  of  the  usual  ii-regular  character,  rising  up  in  hammocks  here 
and  there,  to,  and  above  the  surface,  and  at  other  places  formed 
into  troughs  of  considerable  depths.  A  superimposed  patch  of 
gi-avelly  mud  sometimes  occurs.  When  dry  it  is  difficult  to 
dissolve,  and  when  wet  it  feels  hard,  gritty,  and  heavy.  When  dis- 
solved it  washes  through  the  fine  sieve  rapidly.  Three  lb.  13  oz. 
of  the  dry  clay  lost  by  washing  through  a  sieve  of  ninety-six 
threads  to  the  inch  diameter  1  lb.  10  oz. ;  of  the  2  lb.  3  oz.  residue 
14  oz.  was  retained  in  a  sieve  of  l-8th  inch  mesh,  which  consisted 
of  small  gi-avel — this  small  gravel  was  remarkable  for  the  profu- 
sion of  scratchings  almost  over  every  piece — and  many  fragments 
were  indented  as  if  the  smaller  gravel  had  been  forcibly  crushed 
into  them. 

Section  at  Short  Road  Brick  Work  (South  side  of  Road). 


a.  Mould  3  to  4  feet. 

h.  Gravel  h  upwards  to  1  foot. 

c.  Thick  dark  clay,  13  feet, 

d.  Laminated  wliitish  clay,  1 4  feet. 

e.  ,,  yeUo wish  brown  clay,  2  feet. 
/   Muddy  sand  not  cut  through. 
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The  first  seven  feet,  under  the  gravel,  is  brownish  coloured, 
especially  towards  the  top  and  contains  few  shells;  amongst 
these,  Mytilus  modiolus,  is  found  here  and  there,  with  the  valves 
together. 

The  next  six  foot  run  into  a  dark  gray  clay  with  shells  in  con- 
siderable abundance. 

Cyprina  hlandlca  is  common,  and  in  this  section  Is  almost 
entirely  confined  to  the  tenth  and  eleventh  feet  Ijelow  the 
gravel. 

Under  this  at  (d),  is  a  layer  of  whitish  soft  clay,  about  a  foot 
and  a  half  in  thickness,  and  more  sharply  defined  ]:)elow  than 
above.  This  stratum  is  not  found  suitable  for  brick- makintr,  the 
workmen  say  that  it  is  fusionless,  that  it  has  no  strength  of  body, 
and  cannot  be  used  for  bricks  by  itself.  When  dry,  it  has  little 
cohesion,  and  breaks  down  easily  between  the  fingers  like  a  piece 
of  chalk. 

It  is  finely  laminated  and  washes  almost  wholly  away  through 
a  sieve  of  9G  meshes  to  the  inch  across.  In  washing  100  oz.  of  dry 
clay,  only  two  drachms  were  left  as  residue,  which  consisted  of  very 
fine  sand,  and  a  considerable  number  of  Pohjstomella  strato- 
imnctata  and  Nonionina  depresstda. 

When  the  dry  clay  is  put  in  water  and  mixed  up,  no  froth  is 
produced  on  the  surface  as  is  generally  the  case  with  fossil  clays. 
When  dissolved,  which  it  does  readily,  it  washes  through  the  sieve 
rapidly.  The  next  two  feet  in  the  section  (e)  comprise  a  yellowish 
brown  clay  much  more  cohesive  than  the  last;  the  layei*s  are  divided 
from  an  inch  to  half  an  inch  apart  by  fine  sand,  and  these  again 
into  excessively  thin  layers  by  lighter  and  darker  coloured  clays. 
In  washing,  this  is  similar  to  the  last,  and  one  Foraminifera  only  was 
met  with.  Underlying  this  (f ),  is  a  wet  muddy  sand,  which  at  this 
place  forms  the  base  of  the  laminated  clay.  It  loses  G3  per  cent, 
in  washing,  but  the  greater  part  of  the  loss  is  very  fine  sand. 
Three  Foraminifera  were  met  with  and  one  valve  of  Cythcridea 
punctillata. 

As  water  comes  up  through  this  sand  when  penetrated,  the 
workmen  had  not  cut  through  it  at  the  time  of  our  visits,  and  had 
no  idea  of  its  thickness.  It  is  probably  only  a  small  bank  of  the 
same  series  as  the  clays  above  it,  as  it  is  similarly  stratified.  This 
is  confirmed  by  the  fact  that  the  "  Till "  is  met  with  at  about  the 
same  level  in  a  pit  not  more  than  a  hundi*ed  yards  distance. 
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The  shells  in  the  clay-beds  around  Paisley  are  mostly  confined 
to  the  lower  half  of  the  deposit,  and  generally  have  their  chief 
abundance  within  from  one  to  three  feet  of  the  bottom. 

In  the  up2^er  portions  of  the  clay,  shells  are  met  with  sparingly 
withiii  a  few  inches  of  the  top.  Foraminifera  and  Ostracoda  are 
generally  met  with,  less  or  more,  from  top  to  bottom,  more  con- 
stantly Foraminifera ;  but  as  a  rule,  both  are  found  most  profusely 
where  shells  mostly  prevail.  In  many  cases,  the  mussel  (Jlytilus 
edulis)  occurs  in  considerable  abundance  below  Cyprina  Islandica, 
generally  near  the  bottom  of  the  section.  This  is  pre-eminently 
the  case  in  a  clay-j)it  across  the  road,  opposite  the  new  coal-pit 
a  little  west  of  the  town  of  Paisley,  and  at  Jordan  Hill — about 
three  miles  north-west  of  Glasgow — fourteen  feet  below  the  surface. 
The  position  of  the  shells  in  the  clay  is  not  precisely  the  same 
in  all  the  glacial  beds.  When  the  Greenock  new  docks  were 
being  excavated  a  few  years  ago,  a  section  of  clays  was  well 
exposed.  The  laminated  clay  was  cut  through  for  many  feet  into 
the  unstratified  "Till,"  showing  the  line  of  junction  for  a  consider- 
able length.  The  junction  was  beautifully  marked  by  a  thin 
layer  of  whitish  coloured  clay  resting  on  the  "  Till,"  three  or  four 
inches  thick,  wdiich  contained  Foraminifera.  Immediately  overly- 
ing this  thin  stratum  of  whitisli  clay,  w^as  a  darker  coloured  clay, 
crowded  with  shells,  amongst  which  were  Cyprina  Islandica, 
Pecten  Islandicus,  and  Tellina  calcarea,  in  great  abundance. 

At  Kilchattan  tile  work,  Buteshire,  the  shells  are  above  the 
laminated  clay,  in  a  bed  of  sand,  or  gravelly  sand,  which  lies 
between  the  clays  and  the  top  gravel. 

At  Elie,  Fifeshire,  the  shells  are  plentiful  near  the  top  of  the 
clay,  a  little  under  the  gravel;  and  amongst  them  are  Pecten 
Islandicus,  Leda  arctica,  Tellina  calcarea,  and  Thracia  myopsis. 
In  many  other  deposits  an  odd  shell  is  only  seen  occasionally.  This 
not  unfrequently  happens  at  different  points  of  the  Paisley  beds. 
In  a  brick  field,  on  w^est  side  of  the  river  Cart,  at  a  little  distance 
from  the  new  park,  one  or  two  specimens  only,  by  diligent  search, 
uiay  be  met  with,  although  they  are  plentiful  in  cuttings  quite 
near  to  the  spot.     In  other  sections  they  are  absent  altogether 

It  may  be  of  interest  to  remark  that  the  shells  of  the  same 
species,  in  the  same  layer,  at  very  little  distances  apart  may  be  in 
a  very  diff"erent  state  of  preservation.  At  a  brick- work  close  to 
Paisley  (west  side),  we  have  seen  all  the  shells  of  Cyprina  Islandica 
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as  soft  as  pulp,  so  that  not  one  specimen  couM  Ijc  taken  from  its 
matrix,  whole;  while  at  another  pait  of  the  cutting,  not  a  hundred 
yards  distant,  they  were  in  beautiful  condition,  with  the  hinge- 
ligament  entire,  and  with  the  epidermis  retaming  its  natural  colour 
over  both  valves  so  perfectly,  that  they  might  have  )>een  mistaken, 
on  a  cursory  view,  for  shells  still  enclosing  the  living  animals. 

It  will  be  observed  that  the  laminated  clay,  which  has  been 
regarded  as  the  unfossilferous  base  of  the  shell  clay,  is  7iot  unfossil. 
ferous,  but  contains  Foraminifera,  Polystomella  striato-jmnctata 
being  the  common  form. 

The  bed  of  unfossilferous  clay  which  was  sujiposed  to  rest  upon 
the  shell  clay  also,  can  not  be  established.  Fossils  may  occur  in 
any  part  of  the  section  at  Paisley  from  the  Boulder  clay  to  the 
summit,  although  they  are  found  most  plentifully  at  the  jioint  we 
have  indicated;  and  sometimes  minute  search  is  needed  to  trace 
them  at  the  higher  levels. 

In  the  Boulder  clay  itself  we  have  not  yet  succeeded  in  this 
neighbourhood  in  finding  any  sign  of  life,  and  throughout  the 
whole  district,  as  a  general  rule,  it  underlies  the  shell  clay.  In  one 
or  two  cases,  however,  arctic  shell  beds  occur  beneath  patches  of 
Boulder  clay.  A  bed  of  Inminated  clay  near  Paisley  has  been 
exposed  beneath  the  Boulder  clay,  and  so:i;e  arctic  shells  occur  in 
it.  In  Ayi'shire,  also,  shell  beds  occur  beneath  Boulder  clay.  In 
these  cases,  however,  it  is  not  necessary  to  suppose  that  the  over- 
lying Boulder  clay  was  of  more  recent  date  than  the  shell  bed. 
It  is  quite  possible  that  either  the  Boulder  clay  may  have  slipped 
over  a  younger  bed,  or  have  been  brought  down  by  land  ice,  and 
deposited  over  the  mud  of  the  existing  glacial  sea. 

The  following  catalogue  embraces  the  species  collected  within 
clay  pits,  belonging  to  the  same  geological  horizon,  in  the  immediate 
neighbourhood  of  Paisley.  Being  the  first  systematic  attempt  to 
catalogue  the  post-teiiiiary  fauna  of  that  district,  it  will  neces- 
sarily be  found  imperfect;  it  is,  however,  as  comj^lete  as  the 
present  state  of  our  collections  renders  possible.  The  constant 
opening  of  fresh  excavations  will,  in  course  of  time,  doubtless, 
enable  observers  to  add  many  other  species;  and  the  present 
attempt  may  prove  of  service  as  a  basis  for  future  use.  A  catalogue 
of  the  contents  of  the  Post-glacial  bed  which  rests  upon  the  glacial 
clays  will  be  found  in  its  proper  place  in  a  subsequent  portion  of 
this  series  of  papers : — 
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AVES. 
Bones  of  a  Bird — species  as  yet  undetermined. 

PISCES. 
Small  vertebrte  of  Fish — species  as  yet  undetermined, 

CONCHIFERA. 

Common, 


Anomia  ephippium,  Linn, 

var.  aculeata,  Linn. 

var.  squamula,  Linn, 

Pecten  Islandicus, ,  Miiller. 

Mytilus  eduUs,  Linn. 

modiolus,  Linn. 

Niicida  tenuis,  Montagu. 

var.  inflata,  Morcli. 

nucleus,  Linn, 

var.  tumklula,  Malm. 

Modiolaria  discors,  Linn. 
Leda  p)ermda,  Miiller. 


Rare. 

Rare. 

Moderately  rare;  colour  preserved;  in 
all  stages  of  growth. 

Common;  elongated  form;  frequent. 

Common. 

Moderately  common. 

Common. 

Common. 

Rare. 

Rare;  fry. 

Common;  very  large. 


var.  mucilenta,  Steenst.  Rare. 


Leda  2)yomcea,  Miinster. 
var  lenticula,  Mlill. 


Common. 


Axinus  Jlexuos7is,  Montagu. 
var,  Gouldii,  Phil.  Common. 


Cardium  fasciatum,  Montagu. 

ech'matum,  Linn. 

Cyprina  Islandica,  Linn. 


Moderately  common. 

Rare, 

Common  ;  in  excellent  preservation  , 
hinge  joint  entire;  and  covered  with 
epidermis.  Sometimes  so  abundant 
as  to  interfere  with  the  economical 
working  of  the  clay. 


Astarte  sulcata.  Da  Costa. 
compressa,  Montagu 


Moderately  common. 

Common, 

var.  fjlohosa.  Mlill.  Moderately  common. 

var.  striata,  Mlill.  Rather  rare. 

Tellim  calcarea,  Chemnitz.  Common;  large;  of  all  ages. 
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Ttlllna  haWdm,  Linn. 
Mya  truncata.  Linn. 

Saxicava  riujom,  Linn. 


Moderately  rare. 

Moderately  common;  fry;  perfect  adult 
valves  rare. 

Moderately  common;  not  large. 


GASTEROPODA. 


Teciara  vli-<jinca,  MilUer. 
Trochus  helicinus,  Fabricius. 

Vahlii. 

Grcenlandicus,  Chemnitz 

Lacuna  divcmcata,  Fabricius. 

pidcolus,  Fab. 

L'dtonna  ohtusata,  Linn. 

UUorea,  Linn. 

rudis,  Maton. 

liniata,  Lovcn, 

Riasoa  striata^  Adams. 

var.  saxalllisy  Moll. 

Eissoa  parva,  Da  Costa. 

var.  intcrnqitu,  Adams. 

i/fobo.sa,  Mart, 

Menestho  cdhula  Fabricius. 
Hydrohia  ulca%  Pennant. 
Skenea  planorhUy  Fabricius. 
Ilomalogyra  atomu.'^,  Philippi. 
Natka  affinU,  Gmelin. 
jyaUida,  Brod.  and  Sow. 


Fry;  moderately  common. 

Fry;  moderately  rare. 

Rare;  fry  and  one  adult. 

Moderately  common. 

Moderately  rare. 

Common. 

Common;  extremely  large  arctic  form. 

Common. 

Common  and  characteristic. 

Moderately  common. 

Common. 

Rare, 

Fry;  rare. 

Rare. 

Common. 

Common. 

Common  and  large. 

Moderately  common. 

Rather  rare. 

Common  and  large. 


Purpura  lapilhis,  Linn. 

Bucclnum  undatum,  linn. 

Gro&lamlicum,  Chemnitz.  Fine  specimens;  moderately  common. 

Trophoii  truncatus,  Strom.  Common;  large. 

clathratus,  Linn.  Common;  large. 

var.  Gunner  I,  Lovcn.  Common;  large;  developed  so  as  to  be 

characteristic. 


Fusus  antiquus,  Linn. 


Common. 
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Pleurotoina  turrkula,  Montagu. 

r)yramidaUs,  Brown. 

CyJJchna  alba,  Brown. 

cyUndracea,  Penn. 

Utriculm  obtusus,  Mont. 
hyallnus,  Turton. 


Eathcr  rare. 

Common  and  cliaracteristic. 

Rather  rare. 

Ratlier  rare. 

Moderately  common. 

Rare. 


CRUSTACEA. 


Balanus  porcatus.  Da  Costa. 

balanokles,  Linn. 

crenatus,  Bnig. 

Verruca  stromia,  Mlill. 


Common;  attached  to  large  Boulders. 

Common. 

Common;  attached  to  Asfarte  com- 
press a,  and  covering  the  entire 
valve. 

Common ;  fragments. 


Spirorbis  spirilluvii,  Linn. 
car  hiatus,  Flem. 


ANNELIDA. 

Rare. 
Rare. 


ECHINODERMATA 

Echinus  DrObachiensis,  Mliller. 


Spines  and  plates  common  ;  one  speci* 
men  nearly  perfect. 


Ophiocoriia  bellis,  Link. 


Spines  and  plates. 

ZOOPHYTA. 

Membranipora  cratkula,  Alder. 
unkornis,  Fleming. 


Discorpella  hispida,  Flem. 
Criskb  eburnea,  Linn, 
Cauda  reptans,  Linn. 

FORAMINIFERA. 

B'docidina  rlugens,  D'Orb. 
QulnquelocuUna  seminidum,  Linn. 

a<j<jlutinaiis,  D'Orb. 

subrotunda,  ISlontagu. 


var.  approaching  to  Ilamerina 
compressa. 
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Lituola  scorpiuriis,  MontforJ. 
Lwjena  striata,  Montagu. 

lijevis,  Montagu. 

distoma,  P.  &  J. 

marginatUy  Montagu. 

Iflobosa,  Montagu. 

rulymorphina  compressa,  DOrb. 
Discorhina  rosacea,  D'Orb. 
TruncatuUna  (obafula,  Walker. 
Rotalia  Beccarii,  Linn, 
PateUina  corrwjata,  Will. 
Pohjstomtlla  siriato-jmncala,  J.  &  J. 
Nonionina  depressulc,  W,  &  J. 

SPONGE. 

C'liona  cdata,  Grant. 

ALG.E. 

Jonia  rubens. 

CoraUina  officinalis,  Linn. 

Mtlubesia  pohjinorphn,  Linn. 


XXI.     From  Geology  to  History.     By  Professor  Joiix  Youxo. 

(Road  2Stli  October,  1S6S.; 

Numerous  as  are  the  writers  ou  Man's  relation  t<»  tlie  Animal 
Kingdom,  they  may  be  divided  into  two  great  groups,  accord- 
ing as  the  differences  which  are  admitted  on  all  sides,  or  the 
structural  resemblances  assume  the  gi-eatcst  prominence.  With 
tlie  one  school,  the  position  of  man  is  wholly  exceptional  among 
the  animals.  True  he  possesses  the  same  organization  as  they: 
but  his  mind  is  asserted  to  be  a  new  creation ;  nay,  more,  his  gift 
of  intelligence  is  not  left  to  discover  the  means  uf  utilising  itself 
He  is  provided  with  the  elementary  instruction,  ho^vever  slight, 
of  Whately,  the  instinctive  notions  of  smaller  and  weaker  thinkers. 


342  TRANSACTIONS    OF   THE   GEOL.    SOC.    OF   GLASGOW. 

Hence  his  progi'ess  in  art,  from  tlie  lowest  level  of  which  we  have 
knowledge — contrariwise,  the  lowest  level  of  to-day  is  reached  by 
degradation  from  some  uncertain  primitive  standard.  In  this 
school  it  is  held  that  intellect,  the  rudiments  of  languages,  of 
material  civilisation,  and  of  religion,  were  the  possession  of  the 
earliest  men.  Of  the  other  school  one  section  sees  in  man's 
position  nothing  which  could  not  have  resulted  from  the  operation 
of  the  ordinary  laws  of  nature,  such  as  regulate  the  animal  and 
vegetable  world.  Another  set  of  men,  either  willing  to  admit  or 
unwilling  to  deny  direct  intervention  in  the  changes  which  have 
rendered  the  structure  of  man,  though  identical  in  plan  with 
that  of  Swiice,  the  agent  of  different  powers,  the  minister  to 
far  other  objects,  suppose  this  intervention  to  have  been  limited 
to  providing  man  with  the  cajDacity  of  all  that  progress  which 
he  has  made.  Actually  on  a  level  with  the  lower  animals 
so  far  as  zoological  position  went,  he  was  potentially  of  a  far 
higher  order,  and  this  capacity  soon  manifested  itself  as  a  reality 
by  the  mechanical  arts,  however  humble,  which  gave  him  an 
advantage  in  the  quest  of  food  over  other  animals,  by  the  symbols 
he  invented  as  a  means  towards  that  organization  which  he  con- 
verted his  individual  inferiority  into  a  comparative  superiority  to 
which  all  have  yielded,  save  the  forces  in  the  interior  of  the  earth 
and  the  winds  of  heaven.  Of  this  scheme,  it  is  the  hopeful  creed 
that  all  men  are  capable  of  improvement  more  or  less,  but  that  the 
suiTOundings  of  some  have  been  such  as  to  check  their  develop- 
ment, by  interposing  insuperable  difficulties,  and  indirectly,  by 
depressing  their  vitality ;  while  others  have  been  arrested  by  the 
prodigality  of  nature,  which,  by  sujjplying  their  wants,  blunted 
their  energies.  But  the  natural  man  still  lacked  something  of 
which  it  is  difficult  for  me  to  s^^eak,  without  seeming  to  judge 
others  in  matters  which  concern  them,  not  me.  Suffice  it  that 
these  opinions  do  not  exclude  an  honest  faith  in  the  direct 
revelation  of  God  to  one  section  of  the  human  I'ace;  and  that 
to  this  revelation  we  may  owe  much  of  that  progi'ess  which  would 
otherwise  have  been  reached  with  extreme  difficulty,  if  at  all. 
Somehow  or  other,  conflict  arose  between  men  of  science  and 
teachers  of  religion,  and  reconciliations  were  attempted  which 
failed,  because  they  were  not  needed.  The  age  of  reconciliations 
seemed  to  have  gone  past.  I  had  hoped  that  men  had  now  learnt 
that  no  antagonism  existed  between  the  means  of  jnan's  betterment 
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here,  and  the  source  of  his  hopes  for  hereafter.  I  therefore  look 
with  deep  regret  at  the  share  taken  by  the  Duke  of  Argyll  in  the 
resuscitation  of  this  controvei-sy,  in  a  changed  but  not  imjiroYed 
form.  In  Good  Words  for  March,  18G8,  he  devotes  his  fii-st  paper 
on  "  Primeval  Man  "  to  a  discussion  of  the  relation  of  Genesis  to 
Modern  Science.  I  sul)mit  that  the  discussion  was  uncalled  for, 
and  I  jjrotest  against  the  conclusions.  The  writer  contends  for  a 
wider  latitude  of  revelation  in  the  first  chapter  of  Genesis  than  is 
generally  supposed.  I  have  always  thought  that  no  form  of  words 
could  have  been  devised  by  which  could  have  been  conveyed  so 
grandly  the  idea  of  Infinite  Power.  Thus  regarded,  its  teaching 
is  beyond  all  paltry  criticism  ;^to  me  it  is  sacrilege  to  attempt  to 
read  between  the  lines.  Yet  the  writer  I  have  referred  to  quotes 
St.  Augustine's  words,  ' '  cdta  humiliter^  pauca  copiose,"  as  descriptive 
of  creation,  and  renders  them,  "  words  sublime  in  then-  humility, 
rich  in  their  reserve."  St.  Augustine  does  not  say  this  :  Saportii, 
from  whom,  and  not  from  the  Latin  text,  the  Duke  translates  this 
and  other  passages,  does  not  say  it.  Granted  that  reticence  was 
imputed  to  Genesis  by  St.  Augustine,  in  this  passage,  at  least,  he 
has  struck  out  the  true  view  of  that  sublime  chapter.  The  Duke 
says  : — "  They  are  beyond  all  science,  not  because  they  anticipate 
the  discoveries  of  science,  but  because  they  move  round  the  outer 
margin  of  all  possible  discovery."  If  this  extraordinary  language 
means  anything,  and  its  translation  is  not  easy,  it  suggests  that  the 
words  referred  to  have  no  precise  meaning.  And  thus  these  words 
are  lowered  as  oilectually  as  if  by  deliberate  hostility,  because  a 
peculiar  position  is  sought  to  be  established  for  them  by  the  viola- 
tion of  all  ordinary  rules  of  criticism,  by  stripping  them  of  that 
precision  which,  to  me,  constitutes  their  teaching  power.  To  find 
reserve — reticence — in  the  Mosaic  accoimt  of  creation,  is  to  quibble 
with  the  words  of  Omnipotence. 

The  suspicions  with  which  speculations  regarding  primitive  man 
have  been  received,  is  a  boon  to  science,  if  the  critics  are  honest 
and  competent.  They  may  never  be  convinced,  but  they  force 
scientific  men  to  be  accurate  and  precise,  and  thus  protect  laymen 
from  loose  generalisations  and  ill-supported  preconceptions.  Sir 
J.  Lubbock  has  been  attacked  by  a  critic  whose  words  are  worthy 
of  perusal : — 

"  We  wonder  how  such  a  respectable  body  as  the  British  Asso- 
ciation should  allow  its  managei*s  to  select,  as  expositoi-s  of 
modern  science,    persons   who  are   the  avowed    and    unblushing 
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advocates  of  that  degrading  theory,  viz.,  that  man  was  originally 
no  better  than  an  ape  or  a  savage. 

"  The  only  reason  we  can  imagine  for  the  selection  of  this 
gentleman  is,  that  he  has  adopted  a  theory  which,  though  adverse 
to  the  faith  of  the  Church,  and  to  the  general  sense  of  the 
community,  happens  to  chime  in  with  the  loose  and  unscriptural 
notions  entertained  by  some  of  our  would-be  philosophers  who 
possess  influence  or  afiect  leadership  in  this  matter.  What 
creed  Sii'  J.  L.  may  hold,  or  if  he  holds  any  particular  creed 
whatever,  we  do  not  pretend  to  know. "  This  ignorance  of  what  is 
iiTelevant,  but  alluded  to  with  obvious  intention,  extends  how- 
ever to  what  is  of  essential  importance.  The  synonomy  of  "ape" 
and  "  savage,"  above  quoted,  is  new  to  science.  It  is  followed 
by  an  exposure,  not  very  effective,  of  errors  in  the  address :  that 
there  are  points  open  to  controversy,  I  am  fully  aware,  but  the 
reviewer  has  not  met  them.  He  alludes  not  to  what  language 
reveals,  is  evidently  ignorant  of  recent  discoveries  as  to  primitive 
habits,  but,  resting  on  the  Jewish  records  as  the  oldest  writings 
extant,  denies  civilization  to  all  but  those  nations  who  have 
realised  physical,  moral,  and  spiritual  stages :  by  physical,  is  meant 
knowledge  of  arts,  science,  letters,  and  philosophy :  moral,  means 
ci\Tl  government  and  equitable  laws.  Religion  is  not  defined ; 
presumably  Christianity  is  meant.  On  this  foundation  the  super- 
stnicture  is  easily  raised,  and  easily  guessed  at  by  you. 

The  mere  physiologist  is  declared  unfit  to  sit  in  judgment  on  so 
wide  a  question  as  that  of  civilization;  but  he  may  give  his  evidence 
and  go  about  his  business.  For  it  seems  his  studies  tend  to  extreme 
softening  of  the  brain. 

"  Physical  science,  cultivated  exclusively  for  its  own  sake  and 
as  an  end,  inevitably  tends,  in  our  poor  nature,  to  contract,  to  car- 
nalise,  and,  in  some  cases,  even  to  embrutify,  if  we  may  so  speak 
the  judgment  of  its  devotees  :  the  mind  becomes  insensibly  impreg- 
nated with  the  muddy  qualities  of  the  evil  through  which  it  rises, 
so  that  when  applied  to  questions  of  human  life,  it  becomes 
confused,  giving  birth  to  a  monstrous  brood  of  misshapen  revela- 
tions." Not  knowing  the  author  of  the  article,  I  cannot  say 
whether  this  wonderful  bit  of  writing  is  the  fruit  of  physical 
science  studies ;  but  this  I  do  know,  that  such  criticism  can  only 
harm  those  whose  misfortune  it  is  to  be  guided  by  it;  though 
these  can  only  harm  the  still  more  ignorant. 
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Tlie  British  and  Foreign  Evangelical  Hevieio,  from  which  1  have 
quoted,  has  been  uufortunate  in  its  selection ;  but  as  a  writer 
informs  us,  this  article  was  intended  for  publication  a  year  ago.  I 
hope  in  perfect  honesty  and  good  faith,  that  it  was  printed  to  fill  a 
void  in  the  dead  season  of  journalism. 

In  discussing  the  history  of  man,  let  me  be  understood  a.s  hold- 
ing that  the  inquiry  is  a  legitimate  one  for  science  to  follow,  that 
the  Mosaic  narrative  furnishes  materials  for  the  investigation  both 
in  exijlicit  statement  and  implied  opinion,  and  that  as  regards  the 
Mosaic  account  of  creation,  the  liberal  latitude  to  be  found  in  the 
literal  rendering  of  his  words  of  St.  Augustine,  is  in  prudence  as 
well  as  resjject  for  the  word,  far  before  later  attempts  to  square 
with  the  passing  phases  of  science,  that  which  is  a  law  because 
immutable. 

The  records  of  man's  existence  are  of  three  kinds  : — 

1st,  Those  furnished  by  language. 

2nd, by  remains  of  his  body. 

3rd, by  remains  of  man's  handiworks. 

This  order  also  represents  the  chronological  importance  of  the 
three  kinds  of  evidence.  Wliy  man  himself  should  be  less  ancient 
as  a  fossil  than  his  works,  falls  to  be  discussed  hereafter.  i\Iean- 
while  let  me  proceed  to  the  results  obtained  from  the  study  of 
language. 


T. — Language. 

If  we  accept  the  judgment  of  the  metaphysician,  man's  origin 
coincides  with  the  origin  of  language  :  man,  in  fact,  did  not  exist 
as  a  reasoning  animal  prior  to  the  existence  of  speech  :  in  other 
words,  as  speech  cannot  exist  without  reason,  so  reason  cannot 
exist  without  speech  (Miiller,  Schelling,  Hegel).  The  mutual 
dependence  thus  stated  admits  of  but  one  solution — that  speech 
and  thought  were  simultaneous  creations  or  endowments.  But  is 
this  statement  correct  1  Is  it  not  as  Sir  W.  Hamilton  put  it,  the 
''  exaggeration  of  truth  into  an  error  ?"  nay,  does  it  not  also  act 
on  a  confusion  between  the  two  things  included  under  the  single 
word,  Speech,  or  Language.  These  two  things  are  the  faculty  of 
speech  and  the  symbols  by  which  that  faculty  is  exercised. 

The  difficulty  of  thinking  in  an  unknown  language  has  been 


346  TRANSACTIONS    OF    THE    GEOL.    SOC.    OF    GLASGOW. 

appealed  to  as  evidence  that  we  cannot  think  at  all  without  words 
(Gaii'dner) ;  but  this  is  only  true  of  that  stage  of  thought  to  Avhich 
general  propositions  are  necessary.     Short  of  that,  there  is  an 
induction  of  which  brutes  are  capable  in  common  with  man,  an 
induction   practised    also   in   the   uncultivated    even   of  highly- 
developed   races.       (J.   S.    Mill.)      In  childhood   we  see   the  re- 
petition of  sensuous   impressions  is  requii-ed  for  the  production 
of  a  definite  impression  ;  and  long  before  the  attainment  of  speech, 
before  even  the  modulation  of  cries  is  recognisable  as  the  indication 
of  different  states  of  feeling,  we  see  that  the  definite  impression  is 
a  step  in  an  induction,  though  of  the  simplest  kind.     Thus,  an 
infant  is  keenly  alive  to  differences  of  hand,  and  betrays  uneasi- 
ness of  strangers,  especially  of  /landless  men,  and  speedily  learns 
to   recognise   the    recurrence    of  certain    events.      The    earliest 
language  of  the  child  is  tliat  of  emotion  and  feeling ;  its  vocabulary 
of  cries  is  increasingly  copious  and  descriptive,  or  rather  sugges- 
tive.    I  cannot  now  enter  into  the  detailed  arguments  by  which 
Onomatopoea  is  maintained  as  the  co-equal  with  interjection  as  the 
sources  of  a  large  number  of  words  in  language.     The  opposing 
theory  is  that  of  M.   Miiller's  Phonetic  Types,  or  Roots.     These 
Phonetic  types   are  his  ultimate  facts,    incapable  of  resolution, 
barren  of  suggestion.     ISTay  more,  they,  in  his  view  (Lectures  on 
the  Science  of  Language,  i.  370),  "  exist  by  nature;  that  is,  by  the 
hand  of  God."     So  far  as  this  is  a  reference  to  the  ultimate  source 
of  all  things,  every  one  is  in  agreement  with  the  statement ;  but 
is  it,  after  all,  a  scientific  answer  ?    Is  it  not  simply  a  shifting  back- 
ward by  one  stage  of  the  theory  which  Miiller  has  himself  strongly 
condemned,  that  speech  was  a  special  revelation  1   The  revelation  of 
roots,  equally  with  the  revelation  of  words,  "cuts  but  not  unlooses 
the  knot :  declares  but  does  not  prove   the   insufiiciency  of  the 
ordinary  law^s  of  nature  :  postulates  a  second  hypothetical  cause  to 
explain  an  effect  which  it  is  not  shown  cannot  be  accounted  for 
without  this  violent  assumption."      So  says   Sir  W.  Hamilton. 
Now,  not  only  is  the  insufiiciency  here  referred  to  not  proved,  but 
the  sufficiency  is  expressly  admitted.     For  elsewhere  we  find  that 
"  the  onomatopeic  theory  goes  very  smoothly  as  long  as  it  deals 
with  cackling  hens  and  quacking  ducks;  but  round  that  farm-yard 
there  is  a  dead  wall,  and  it  is  beyond  that  wall  that  we  find 
language  really  begins."      To  this    Farrar  well  replies  that  the 
imitative  words  are  merely  stepping-stones  to  other  words,  and 
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maintains  liis  thesis  in  the  following  chapter  by  showing  that 
sounds  undoubtedly  mimetic  furnish  roots  of  words  whose  meaning 
is  removed  by  many  gradations  from  that  of  the  initial  sound. 
Further,  this  reference  to  the  lowly  origin  of  certain  \\'ords  seems 
justified  only  by  the  assumption  of  a  tolerably  high  standard  for 
those  with  whom  language  originated.  In  other  words,  the  total 
rejection  of  the  imitative  or  interjectioual  paternity  of  language 
requires  us  to  assume  that  the  fii-st  men  were  above  that  stage  in 
which  the  sensuous  impressions  of  the  moment  were  of  paramount, 
of  sole  importance.  Such  an  assumption  is,  as  we  shall  see,  not  to 
be  accepted  at  first  sight — nay  more,  is  at  variance  with  that  theory 
of  the  growth  of  language,  which  it  is  Max  Mliller's  gi-eatest  honour 
to  have  placed  on  a  scientific  basis.  There  are  many  gi'ades  of  i)er- 
fection  to  be  recognised  among  existing  tongues.  The  three  leading 
groups  as  defined  by  Humboldt  are  placed  in  this  diagi-am,  and 
alongside  of  them  the  subdivisions  announced  by  Midler  in  his 
Stratification  of  Languages. 

Mailer.  Humboldt. 

1.  R  R  =         Isolating. 

2.  (a)  R  +  g,  (b)  g  +  R,  (c)  g  4-  R  -I-  g      =         Agglutinative. 

3.  (d)  r  g,  (e)  g  r,  (i)  g  r  g  =          Infiectional. 
[4.  R  -f-  g  +  1*  (^)  =          Incapsulating.] 

R= Symbol  of  a  root  which  has  suffered  uo  phonetic  decay  :  g= symbol  for  an 
"empty"  word  which  has  suffered  phonetic  decay  :  r  =  symbol  for  a  word  which 
has  not  lost  its  original  significance  though  it  has  suffered  phonetic  decay. 

1.  Ex.  Chinese— (a)  (d)  suffixing  Ai-yan,  (b)  (e)  prefixing  Semitic;  (c)  (f)  affixing 
Semitic.     4.  Bask  and  ^Vmerican. 

To  that  lecture  Evolution  furnishes  the  one  and  only  key, 
and  its  teaching  is  to  this  efi'ect : — First,  That  the  first  elements 
of  language  had  such  a  separate  and  inde])endent  existence 
both  as  to  form  and  meaning.  Second,  That  these  inde- 
pendent words  which  are  connected  with  others  in  the  position, 
and  with  the  modifying  power  which  terminations  give  in 
other  languages,  become  dead,  so  to  speak,  lose  their  indepen- 
dence and  vitality,  and  become  subject  to  phonetic  decay,  i.e. 
their  meaning  being  still  recognisable  in  the  compound  idea  then 
])resented,  their  form  has  become  extensively  altered.  Third, 
The  originally  independent    roots  have   with   their   terminations 
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undergone  j^lionetic  change,  botli  alike  losing  their  primitive 
form  and  significance.  This  last  stage  is,  I  presume,  the  conse- 
quence of  the  increased  number  and  variety  of  relations  in  which 
man  is  placed.  There  is,  therefore,  a  sequence  to  be  detected  from 
the  Chinese  form  to  the  inflectional  language  of  Western  Europe. 
It  is  a  necessary  consequence  of  this  view  that  the  palseontological 
law  as  regards  animal  form  is  reversed,  that  it  is  only  with  the 
commencement  of  literature  that  a  lan2;nao;e  becomes  fixed.  The 
later  ages  no  longer  possess  vitality  :  the  past  is  living,  by  it 
the  dead  present  is  to  be  unravelled.  Humboldt  expressed 
doubts — in  fact,  professed  neutrality — as  to  the  possible  transi- 
tion of  a  monosyllabic  into  an  inflectional  tongue,  and  Pott 
has  vehemently  opposed  the  doctrine  that  a  primary  inflectional 
form  "is  an  absurdity"  (Bunsen).  But  underlpng  tliis  objection, 
we  find  the  same  difficulty  as  in  zoology — were  varieties  the  act  of 
creation  or  the  result  of  Evolution  1  The  passage  quoted  by  Miiller 
asks  why  gi-ammatical  form  should  not  have  been  at  first  created 
with  the  root  to  which  it  is  attached — both  together  having  a 
meaning,  neither  possessing  separately  a  meaning.  The  French 
School,  of  which  Renan  may  be  taken  as  the  leader,  asserts  the 
primitive  matmity  of  the  family  characters,  but  admits  the  gi-adual 
development  of  the  members  of  these  families.  The  language 
being,  as  Schlegel  expresses  it,  "  the  living  product  of  the  whole 
inner  man,"  it  follows  that  "  the  primitive  language  is  in  form  the 
ex23ression  of  pure  reason ;  in  matter,  only  the  reflex  of  the  life  of 
experience."  In  other  words,  while  the  particular  sounds  might 
have  been  wholly  different,  the  grammatical  manipulation  if  heard, 
must  have  been  the  same  as  it  now  is.  The  imitative  character 
of  language  is  a  strong  point  with  Kenan — is,  in  fact,  the  only 
respect  in  which  he  acknowledges  individual  influence;  and  he 
appeals  eff'ectively  to  the  number  of  names  for  the  same  objects  as 
a  proof  of  the  personal  element  in  speech.  The  savage  state — that, 
namely,  in  which  no  tradition,  far  less  literature,  exists — tends  to 
the  breaking  uj)  of  language.  But  this  he  looks  on,  not  as  a  proof 
of  the  vitality  of  speech,  but  of  degradation.  For  it  is  a  necessary 
consequence  from  the  revelation  of  gi-ammatical  form  that  those 
tongues  deficient  in  this  respect  are  the  exponents  of  the  inner 
man  of  non-perfectible  races. 

This   arbitrary    assumption    of  permanent    and    irremediable 
inferiority  is  a  curious  result  of  grammatical  precision.     It  is,  as 
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has  been  well  remarked  (Littr^),  very  difficult  to  trace  out  the 
three  stages  which  Reiiau  indicates — viz.,  1st,  The  inferior  races 
incai^able  of  progi-ess;  2d,  The  earlier  civilized  races,  Cliinese, 
Cuschites  of  Nineveh,  Chamites  of  Egypt;  3d,  Noble  races, 
Aryan  and  Semitic,  and  the  difficulty  lies  in  the  unequal  degree  of 
development  to  which  the  various  races  have  attained.  What  to 
one  school,  therefore,  is  proof  of  unaided  development,  is  to  the 
other  the  index  of  primitive  inferiority.  Littre  has  disposed  of 
this  charge  against  the  Chamites,  when  compared  with  the  Aryan 
and  Semitic  races,  by  stating  that  it  involves  a  belief  in  the 
priority  and  inferiority  of  scientific  to  other  kinds  of  cultivation 
— an  untenable  proposition.  But  the  failure  of  the  doctrine  of 
primitive  characters  infixed  in  race  is  to  be  found  in  the 
Monotheism,  which,  Renan  asserts,  is  the  special  gift  of  the  Semitic. 
In  the  first  place,  it  is  not  true  in  any  sense  that  Monotheism  has 
extensively  prevailed  at  any  time  during  the  earlier  Semitic 
history.  The  Phoenicians  were  not  Monotheists ;  and  it  is  a  mere 
hypothesis  that  they  were  led  into  jiaganism  by  the  external 
influences  of  trade.  For  such  lapse  no  con-esponding  case  in  later 
history  can  be  cited.  The  Jew  clung  to  his  faith  in  spite  of 
persecution,  to  the  ruin  of  his  trade,  and  that,  too,  though  his 
faith  was  one  which  his  nation  adopted  with  reluctance.  The 
Indian  became  Catholic,  converted  by  his  conqueror.  The 
Phcenicians,  masters  at  home,  had  no  need  to  adopt  there  a  creed 
which  ex-hypothesi  differed  from  those  around,  and  was  not 
identical  with  that  of  any  one  of  the  countries  to  which  their 
commerce  carried  them.  Further,  the  purity  of  their  language, 
so  far  as  it  is  known,  forbids  the  suspicion  of  so  much  admixture 
as  would  of  necessity  attend  the  adoption  of  a  foreign  faith  at  that 
early  age.  The  existence  of  Polytheism  as  the  primitive  creed  of 
the  Semitic  races  prior  to  their  divergence  is  one  of  the  discoveries 
of  comparative  Philology.  The  common  jDossession  by  all,  except 
Phoenicians,  of  the  root  El,  as  indicative  of  God,  does  not  lose  its 
value  because  many  other  names  exist ;  but  Jewish  history  fur- 
nishes abundant  proof  that  whatever  the  first  meaning  of  these 
terms — whether  they  were  simply  attributes  of  a  Deity  recognised 
as  the  only  one  (as  in  English),  or  were  titles  of  several  deities — 
in  the  latter  sense  the  people  of  Israel  regarded  them.  In  this 
way  only  can  we  explain  the  adoption  of  Baal,  Ashtaroth,  and  the 
gods  of  the  heathen :  by  this  only  can  we  explain  the  choice  of 
gods  given  by  Joshua,  and  the  commandment  which  declares  once 
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for  all  that  there  are  none  other  gods  but  one.  But  it  is  not 
Polytheism  in  its  grossest  form  to  which  the  early  Jews  were 
addicted,  which  recurs  so  often  in  their  annals.  It  is  what  Mtiller 
describes  by  the  term  Henotheism,  the  superiority  of  one  among 
several  deities.  Probably  by  this  may  be  reconciled  the  conflict- 
ing statements  of  authors  regarding  the  A.rab  religion.  Idolaters 
they  never  were  after  that  early  stage  to  which  tradition  dimly 
refers.  The  success  of  the  restoration  of  the  Sabcean  worship  in 
the  11th  century  of  our  era  points  to  a  tendency  such  as  we  find 
among  the  Jews ;  to  the  possibility  that  the  tendency  in  both 
cases  depended  on  cliraatal  and  geographic  conditions.  Islamism 
itself  was  a  protest  against  alike  Polytheism  and  Henotheism,  in 
exactly  the  same  way. 

But  ancient  tradition  represents  the  Hebrew  revelation  as  a  new 
thincy  ill  the  world.  Burnouf  dwells  on  the  metaphysical  com- 
plexity of  Hebrew  monotheism  as  the  strongest  disproof  of  its 
primitive  character ;  and  if  w^e  follow  up  the  analysis  still  farther, 
we  shall  find  that  the  absence  of  any  religious  creed  whatever,  in 
the  remote  past,  would  be  supported  by  the  analogy  of  existing 
races.  For  reasons  to  be  hereafter  given,  I  believe  in  degrada- 
tion as  the  process  by  which  the  savages  of  the  present  have 
reached  their  lowly  state.  The  arrest  of  development,  by  unfa- 
vourable conditions,  climatal  and  other,  coupled  with  physical 
inferiority,  are  at  least  as  probable*  conjectures  as  that  by  which 
nations  are  supposed  to  have  necessarily  lost  every  act  however 
necessary,  every  idea  save  the  most  elementary,  and  everything  of 
language  except  articulation.  The  clear  proof  of  a  godless  race  still 
existing,  raises  a  doubt  as  to  the  innateness  of  the  conception  of  a 
Deity,  the  decadence  of  such  a  conception  being  incompatible  with 
the  terms  of  any  possible  theory  involving  its  original  implanta- 
tion. We  are  thus  shut  up  to  one  of  two  solutions,  viz.,  1st,  that 
religion  was  a  revelation  specially  made  to  one  (the  Je^vish)  or  to 
several  races  posterior  to  the  divergence  of  the  various  stocks,  or, 
2nd,  that  in  all,  it  was  the  result  of  slow  evolution  which  never 
went  beyond  the  personification  of  the  powers  of  nature  save  in  the 
case  of  the  Hebrew  branch  of  the  Semitic  stock  whose  faith  stands 
alone  in  the  world.  To  the  latter  of  these  I  profess  my  adhesion, 
and  for  the  following  reasons  : — 

1st,  Among  several  existing  nations  no  trace  of  religion  of  any 
kind  has  been  detected. 

2nd,  The  history  of  Aryan  mythology  as  elaborated  by  tlie  study 
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of  their  language,  proves  tliat  the  deities  whom  they  worshipped 
were  at  first  powers  of  nature,  or  natural  phenomena;  that  as  tra- 
ditions increased,  remote  ancestors  became  incorporated  into  the 
mjrtholugy  which  thence  received  its  human  element;  that  thus  in 
a  secondary  fashion  we  arrive  at  the  apotheosis  of  man,  and  the 
adoption  into  the  family  of  the  gods  of  the  relations  found  in  the 
human  family.  For  if  the  results  ariived  at  by  M'Lennan  in  his 
work  on  Primitive  Mtu-riage  have  any  value  whatever,  they  go 
to  prove  that  the  first  place  in  the  human  family  was  not  that  of 
the  father  but  that  of  the  mother.  Such  at  least  seems  tiiie  of  the 
Aryan  stock,  in  whose  tongues  the  roots  ultimately  connected  with 
fatherhood  have  a  primary  significance  of  mere  jirotection,  those 
devoted  to  matenial  relations  having  alone  reference  to  the  repro- 
ductive function. 

3rd,  Among  the  imaginative  Semitic  races,  we  have  Polytheism 
arriving  at  Henotheism — and  ultimately  at  Monotheism.  The 
sources  of  his  meditations  were  subjective  rather  than  objective. 
Influenced  to  some  extent  by  the  region  in  which  he  dwelt,  the  terms 
which  he  selected  for  the  expression  of  his  adoration  of  the  higher 
powers  were  such  as  were  most  naturally  suggested  by  the 
predominance  of  one  or  other  quality  among  his  fellows,  from  whom 
he  drew  analogies  for  his  invisible  director.  Hence  the  variety  of 
synonyms  for  God  among  the  Semitic,  were,  as  St.  Paul  accepts 
them,  various  aspects  of  one. '  (MuUer  Chips,  Pteview  Penan). 

4th.  The  Monotheism  which,  inits  later  Christian  development 
dominated  the  world,  was  an  innovation  early  indeed,  if  we  calcu- 
late by  the  age  of  the  Aryan  races ;  but  not  so  early  in  the  histoiy 
of  the  meditative,  imaginative  peoples  who  were  its  devotees  and 
its  exponents. 

5th.  The  Buddhist  ofi'ers  among  Aryans  the  coiuiterpart  of  the 
Semitic  Hebrew.  On  the  plains  of  Hindostan,  a  philosophic 
religion  arose  as  a  protest  against  a  hard  lifeless  realism. 

Highly  developed  as  a  system  of  philoso2:>hy,  it  is  to  its  very  refine- 
ment that  we  must  trace  the  wonderful  contradictions  which  it  seems 
to  offer,  in  which  ]Monotheism  seems  the  alternati^'e  of  Atheism. 
In  the  history  of  the  Indian  creeds,  among  its  endless  periilexities, 
for  it  appears  that  only  the  most  accomplished  Orientalists  know 
the  great  deficiencies  which  make  the  interpretation  of  the  Vedas 
so  largely  conjectural,  one  thing  appeal's  with  distinctness,  that  the 
mythological  elements  were  natural  phenomena  or  powei-s.     It 
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matters  not  whether  we  look  with  Miiller  exclusively  to  the  astro- 
nomical cycles  of  events,  successions  of  planets,  to  the  sun  and 
moon,  to  dawn  and  sunset,  to  spring  and  autumn  ;  or  with  Langer 
equally  OKclusively  to  the  meteorological  phenomena  of  clouds,  and 
winds,  and  storms.  The  Aryans  seem  to  have  been  sensitive  to, 
and  observant  of  outward  events,  and  it  is  improbable  that  sun- 
shine and  storm  did  not  equally  impress  their  minds;  but  the 
more  regular,  recurrent  events  are  chiefly,  if  not  solely,  embodied 
in  theii'  language. 

Whatever  the  share  taken  by  one  or  other  kind  of  influence, 
this  much  seems  certain  that,  from  the  Ganges  to  Iceland,  we  have 
the  same  myths  turning  on  the  same  ideas,  often  betraying  their 
origin  by  identity  of  names,  and  thus  offering  proofs  as  strong  as 
those  of  philology.  But  the  Aryan  deities  sooner  assumed  human 
attributes  than  the  Semitic :  family  relationships  became  established 
which,  at  first  metaphorical  as  that  Erse  in  the  child  of  Selene  and 
Zeus,  in  plain  English  that  dew  follows  a  moonlight  night,  next  (as 
when  Selene  and  Zeus  have  lost  their  natural  meaning)  become  the 
counterparts  of  man's  nobler  aims  and  lower  vices.  If  compara- 
tive philology  and  mythology  had  conferred  no  other  benefit,  they 
have  at  least  given  us  an  irrefragable  demonstration  of  the 
absurdity  of  such  views  as  those  expressed  by  Eousseau,  who  says, 
"  The  Paganism  of  the  ancient  world  produced,  indeed,  abominable 
gods,  who  on  earth  would  have  been  shunned  or  punished  as 
monsters  ;  and  who  offered,  as  a  picture  of  supreme  happiness, 
only  crimes  to  commit  and  appetites  to  satiate.  But  vice,  armed 
with  this  sacred  authority,  descended  in  vain  from  the  eternal 
abode  :  she  found  in  the  heart  of  man  a  moral  instinct  to  repel 

her The  holy  voice  of  Nature,  stronger  than  that  of 

the  gods,  made  itself  heard  and  respected  and  obeyed  on  earth, 
and  seemed  to  banish,  as  it  were,  to  the  confinement  of  heaven 
guilt  and  the  guilty."  How  the  fresh  purity  of  the  earlier  nature 
worship  became  mixed  is  an  interesting  study,  were  it  for  no  other 
reason  than  that  such  libels  on  humanity,  as  I  have  just  read,  are 
thereby  refuted.  But  the  Christian  standard  of  morals  which  is 
here  adopted  (for  in  the  18th  century  nature  worship  does  or  can 
rest  on  no  other  basis)  must  not  be  taken  as  the  gauge  of  all 
morals,  either  in  the  past  or  present.  What  to  us  are  the  gi'ossest 
offences,  are  the  sacred  obligations  of  the  Tibetan  :  the  Polynesian 
has  a  lofty  contempt  for  monogamy  as  the  habit  of  monkeys,  than 
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whom,  but  for  polygamy,  he  would,  hi   his  own  oj»inioii,  he  no 
better. 

It  seems  presumptuous  to  call  iu  question  the  authority  of  ]Mr. 
Miiller — the  unquestioning  ado])tion  of  his  statements  would  be  a 
worse  fault.  One  of  his  statements  is  that  the  fai-ther  back  we 
trace  religions,  the  purer  are  found  to  be  their  elements.  Now, 
this  is  not  the  place  to  enter  on  a  discussion  as  to  the  i)roper 
deliuition  of  religion.  It  may  be  that  the  opinion  is  correct,  Init 
the  cases  founded  on  it  are  scarcely  appropiiate.  They  illustrate, 
as  it  seems  to  me,  the  decreasing  purity  of  mythologies.  Their 
use  as  arguments  in  support  of  a  theory  that  man  loses  religion  by 
degi-adation,  requires  us  to  believe  that  such  mythologies  as  that 
of  the  Greeks  stand,  in  this  respect,  on  an  equal  footing  with  the 
revelation  of  the  Jews.  The  argument  rests  on  a  comparison 
between  inspired  and  uninspired  creeds,  in  fact  on  the  double 
meaning  of  the  word  religion. 

I  hoi)e  to  have  made  clear  to  you  that,  save  in  the  exceptional 
creed  of  the  Jews,  a  variety  of  stages  may  be  detected  among  the 
Aryan  and  Semitic  races,  the  stages  vaiying  in  the  two  stocks  in 
accordance  with  the  fundamental  difi'erences  which  these  two  names 
subtend,  and  that  even  the  Jews  manifest  repeatedly  a  tendency  to 
revert  to  the  woi-ship  which  preceded  revelation. 

But  it  may  be  asked,  granting  that  all  men  were  at  fii-st 
destitute  of  some  belief  in  a  future  state — as  at  present  we  find 
certain  savages  without  a  notion  of  God — could  such  notions  or 
beliefs  have  been  arrived  at  by  any  conceivable  process  of  mental 
evolution  1  The  absence  of  direct  information  imposes  the  duty 
of  extreme  caution  in  interpreting  recent  phenomena  as  indices  of 
the  past.  Nevertheless,  a  suflicient  amount  of  probability,  or  at 
least  possibility,  seems  to  lie  in  the  following  opinions,  to  induce 
us  to  pause  before  adding  the  conceptions  just  mentioned  to  the 
list,  ali-eady  large  enough,  of  ultimate  facts — facts,  namely,  whose 
real  natiu-e  is  beyond  investigation ;  whose  value,  therefore,  is 
unknown  in  the  mechanism  of  the  universe ;  for  the  phrase, 
"  ultimate  facts,"  is  only  an  acknowledgment  that  they  are  beyond 
our  comprehension. 

Among  ancient  nations,  the  communication  between  niiui  and 
the  gods  was  in  many  cases  effected  by  dreams,  or  by  inducing 
such  states  of  mind  as  are  most  liable  to  the  influence  of 
illusions.     The  excitable,  half-frenzied  Celtic  soothsayer  forces  his 
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way  into  the  other  world  by  placing  his  half-starved,  nerve-worn 
body  in  conditious  calculated  to  deepen  the  gloom  naturally 
produced  by  the  wild  scenery  amid  which  his  days  are  passed. 
Wrapt  in  a  bull's  skin,  in  the  solitude  of  a  hill  cave,  he  com- 
munes with  spirits  and  sees  visions  which  exist  only  in  his 
distempered  brain.  The  priestess  of  Apollo  was  similarly  frenzied, 
and  the  Greenland  wizard,  like  him  of  South  Africa,  painfully 
works  himself  into  a  state  differing  only  from  that  of  the  Alexan- 
drine Hypatia  in  the  direction  of  the  frenzy.  In  these  cases  the 
existence  of  some  spirit  world  is  assumed,  some  phantom  or 
counterpart  of  the  material  world.  But  the  relation  of  man  to 
the  spirit  world  must  be  sought  elsewhere.  Tylor  (Fortnightly 
Revieio,  \i.  71)  points  to  the  burial  customs  now  or  formerly 
practised  in  all  parts  of  the  world ;  practices  on  which  depends 
what  knowledge  we  possess  of  certain  eras.  The  barrow  which 
contains  the  warrior's  weapons,  domestic  animals,  and  a  small 
quantity  of  food,  tells  of  a  belief  in  immortality  :  of  another 
unseen  world  in  which  man  will  resume  the  life  he  has  led  on 
earth,  and  will  be  more  or  less  happy  according  as  he  quits  life 
possessed  of  the  means  of  enjoyment.  It  is  not  probable  that  any 
savage  race  believed  in  a  corporeal  existence  after  death  :  certainly 
this  cannot  be  the  case  when  incremation  of  the  body  is  accom- 
panied also  by  the  burning  of  the  objects  which  were  otherwise 
placed  in  the  grave.  The  disembodied  spirit  was  supposed  to  be 
attended  in  the  other  world  b}^  the  spirits  of  the  utensils  and 
weapons,  as  "well  as  of  the  slaves  and  animals  which  shared  theii- 
master's  fate.  The  continuance  of  such  customs  long  after  the 
evidently  primitive  time,  when  the  personality  of  inanimate 
objects  was  believed  in,  does  not  at  all  affect  the  argument,  any 
mo]'e  than  the  use  of  stone  knives  alongside  of  metal  w^eapons 
excludes  a  period  when  stone  was  the  only  material  available. 

It  is  right  to  mention  that  Sir  J.  Lubbock  throws  doubt  on  this 
opinion  by  appealing  to  cases  in  which  the  dead  were  buried 
without  any  weapons.  I  admit  the  difficulty,  but  am  not  pre- 
pared to  accept  it  as  conclusive,  since  in  our  ow^n  time  some 
savages  practise  interment  with  weapons,  kc.  ;  others  expose  the 
bodies  to  decay  on  open  platforms.  But  in  the  least  hopeful  case 
of  all,  the  South  Americans,  who  drink  their  dead  (according  to 
Wallace),  seasoning  the  putrefactions  with  an  intoxicating 
beverage,  the  extraoi-dinary  custom  is  justified  by  the  belief  that 
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thus  the  virtues  of  the  dead  will  be  imparted  to  them  who  thus 
become  his  tomb.  To  the  opinion  that  many  of  the  articles  found 
in  graves  are  mere  tributes  of  personal  affection,  I  demur  more 
distinctly  if  the  opinion  is  based  only  on  their  evident  character 
as  models :  that  they  were  not  such  as  would  be  used  in  daily  life 
rather  agrees  with  than  opposes  Tylor's  theory  as  to  their  spiritual 
significance. 

But  here  I  would  also  object  to  the  highly  imaginative  sugges- 
tion of  Dr.  D.  Wilson,  that  any  notion  of  probation  and 
reti-ibution  was  mixed  up  with  this  elementary  belief  in  a  future 
state.  For  it  there  is  absolutely  no  evidence.  It  is  another 
example  of  the  translation  of  an  unknown  into  a  Christian  tongue. 

So  much  for  the  direct  contact  of  man  and  spirit.  But  the 
means  of  egress  from  the  body  of  this  phantom  or  double  is  not 
quite  so  clear.  It  is  doubtless  impoi-tant  that  the  words  for  life  in 
Aryan  and  Semitic  tongues  have  all  a  primary  meaning  of  breath 
but  the  suspension  of  breathing  does  not  at  once  suggest  its 
assumption  of  the  same  shape  as  that  of  the  body  whence  it  issued. 
The  Nicaraguan  belief,  cited  by  Tylor,  clears  up  one  side  of  the 
question,  but  leaves  the  other  undecided.  The  ^^jnlio"  or  life  of 
the  body,  is  derived  from  the  Aztec  yidi  (live),  but  it  is  synony- 
mous with  breath  ;  as  in  the  Levitical  law,  the  blood  was  the  life 
of  the  animal.  This  soul  or  heart  dies  or  does  not  die,  according 
to  the  evil  or  good  of  the  life  with  which  it  was  associated.  It  is 
dangerous  to  l)uild  on  single  instances,  and  this  is  the  only  one 
which  I  have  yet  met  with  ;  but  it  is  sufficient  to  suggest  caution 
in  accepting  the  association  of  even  the  universal  act  of  breathing 
as  the  source  of  notions  among  races  of  different  original  endow- 
ment.  No  such  association  is  to  be  met  with  among  the  African 
tribes,  Negro  or  Hottentot.  I  do  not  mean  to  deny  that  the  act 
of  breathing,  which  at  a  later  date  supplies  so  many  Hebrew 
images  of  life  and  of  passion,  did  not  at  first,  in  other  races,  l)y 
virtue  of  the  invisibility  of  the  result  of  the  action,  take  share  in 
the  suggestion  of  a  spirit  world.  But  the  difficulty  of  tracing 
that  share  is  such  as  to  warrant  much  caution  in  accepting  it  as  a 
safe  proposition  even  that  the  phenomenon  was  largely  regarded. 
The  speculations  which  I  have  just  given  the  outlines  of  fit  in 
well  with  the  gi-adual  development  and  slow  evolution  of  such 
religions  as  had  no  direct  revelation,  such  as  is  the  essence  of  the 
Abrahamic  and  Mosaic  dispensations. 
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Allusion  lias  already  been  made  to  the  series  wluch  Miiller 
lays  do^^^l  as  representing  the  history  of  each  tongue.  This 
series  (page  347)  has  been  spoken  of  as  merely  a  convenient  way 
of  arranging  our  knowledge.  Acceptance  of  the  doctrine  depends 
on  the  value  to  be  attached,  1st,  to  the  traces  of  the  earlier  stages 
which  have  sur^-ived  the  highest  developments  in  the  Aryan  and 
Semitic  tongues ;  and,  2d,  to  the  forecast  of  the  higher  stages  in 
languages  still  undeveloped. 

In  English  we  can  follow  the  phonetic  changes  which  words  have 
undergone;  the  change  of  "hood"  into  "head,"  as  in  "motherhood," 
"  Godhead,"  illustrates  at  once  a  transition  in  meaning  and  sound. 
We  have  compound  words,  wine-glass,  landscape,  and  many  other 
words,  as  examples  of  the  isolating  structure,  differing  from  the 
Chinese  only  in  that  in  the  latter  the  roots  are  words. 

On  the  other  hand,  in  Chinese  Edkins  (quoted  by  Miiller, 
Stratn.  Languages)  mentions  compound  words  in  which  a  root 
retains  its  primitive  signification  though  it  has  long  ceased  to 
exist  as  a  separate  word.  If  this  piimitive  meaning  became 
more  and  more  indistinct,  we  might  ultimately  have  a  pure  afiix 
or  prefix  taking  the  same  part  in  an  inflectional  termination.  The 
genitive  case,  according  to  the  Eev.  R.  Garnett's  theory,  is  originally 
based  on  or  formed  fi"om  the  relative  pronoun  ;  and  jSToldke  has 
shown  that  in  one  of  the  recent  Bornu  treaties  this  mode  of  forma- 
tion has  actually  been  adopted.  In  the  Quichua  language  we  find 
more  clearly  than  in  almost  any  other  the  transition  from  isolation 
to  agglutination.  We  have  reduplication  as  expressive  of  number, 
and  perhaps  were  it  more  closely  looked  into  we  should  find,  as  in 
Chinese,  that  some  oft  repeated  reduplications  have  come  to  stand 
a»s  aflixes,  if  the  term  can  be  used  for  roots  inserted  or  incapsulated 
in  other  words.  Yet  along  with  all  this  so  gi-eat  distinctness  of 
the  elements  of  compound  terms,  we  find  inflections  simple  doubt- 
less, yet  such  as  to  stamp  the  language  with  a  composite  character, 
remo^-ing  it  from  the  category  of  unimprovable  tongues.  But 
lancruac'e  furnishes  us  with  information  of  another  sort  as  to  the 
history  of  the  early  races.  The  possession  of  common  names  for 
certain  objects,  such  as  are  familiar  to  early  life,  indicates  a  com- 
munity of  origin  and  endowment.  Thus  in  the  Indo-G^rmanic 
tongues  we  find  identity  of  roots  in  the  words  referring  to 
extreme  cold.  The  Sanscrit  "/a/,"  Latin  " geln,"  Persian  "/a^," 
Lithuanian  '' gelu rna"  German  " kald,"  French  "ye/."    The  Zend, 
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the  Latin,  and  tlie  Lithuanian  liave  a  common  root  for  snow  ;  and 
even  the  Himalayan  cliain  lias  a  name  traced  to  the  root  which  in 
Sanscrit  means  cold :  Ilima,  in  Latin  is  extended  to  winter,  Ilienia. 
In  the  common  myths  of  all  this  stock  we  have  the  same  conflicts 
between  the  same  figments,  all  referring  to  the  triumph  of  light 
over  darkness — of  the  clear  sky  over  clouds — of  sjjring  over  winter. 
The  heavens  are  partitioned  among  the  counteiimrts  of  those 
cattle  which  formed  the  Aryan's  earliest,  most  lasting  wealth. 
The  wisest  cattle  tender  became  by  natural  selection  the  most 
trustworthy  iiiler.  The  root  dal  or  dar  in  its  phonetic  equiva- 
lent, retains  its  primary  and  secondary  meanings  to  the  present 
day,  our  abstract  notion  of  ''divi.sion"  having  had  its  most  impor- 
tant concrete  realisation  in  that  valley  life  which  ke[)t  families  and 
tribes  apai-t.  The  evidence  drawn  from  this  soui'ce  is  of  two  kinds, 
according  as  certain  terms  are  absent  in  certain  descendant  idioms, 
or  as  the  same  objects  are  indicated  by  distinct  roots.  The  foimer, 
or  negative  evidence,  is  not  of  absolute  value.  I  refrain,  therefore, 
from  citing  the  cases  upon  which  stress  has  been  laid.  But  the 
latter  has  a  direct  bearing  upon  geological  incpiiries,  to  which  this 
long  but  necessary  preface  now  at  length  brings  us.  Under  this 
head  two  questions  have  to  be  considered  :  1st,  What  can  we  learn 
regarding  the  condition  of  the  original  stock  1  2nd,  What  can  we 
gather  by  which  these  stocks  may  be  identified  with  existing  races. 
The  Aryan  and  Semitic  stocks,  contiguous  in  their  Asiatic  area, 
present  strong  contrast  as  regards  physique,  intellect,  religious  and 
social  tendencies.  Distinct  as  their  languages  at  first  sight  seem, 
recent  researches  almost  lead  us  to  anticipate  that  we  may  yet  find 
their  original  identity  supported  by  stronger  evidence  than  the  mere 
belief  in  the  unity  of  the  human  race.  But  setting  that  aside,  these 
two  distinct  peoples  have  been  traced  to  the  vicinity  of  the  Central 
Asiatic  highlands — to  a  region,  the  Hindoo  Cusch,  which  presents 
some  common  points  with  the  geographical  relations  of  Paradise. 
Four  rivers  diverge  from  that  region  whence  the  human  stream  has 
flowed  t(j  all  points  of  the  compass.  But  let  it  not  be  supposed 
that  all  nations  have  thence  spread  :  what  is  true  for  the  Aiyan 
and  Semitic  has  not  yet  been  proved  probable  for  the  Turanian — 
a  term  which,  like  the  Cuvierian  "  Eadiata"  in  zoology,  includes 
a  heterogeneous  mass  of  which  as  yet  little  is  known.  From  this 
Himalayan  centre  have  spread  the  dominant  races  of  Southei-n 
and  Eastern  Continental  Asia,  of  Europe,  and  the  northern  parts 
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of  Africa.  Philology,  at  first  fascinated  with  its  unexpected 
achievements,  erected  into  a  general  law  what  turns  out  to  be 
only  a  particular  case,  and  accepting  without  enquiiy  that  what- 
ever is  below  the  European  level  had  sunk,  spoke  of  the  western 
tendency  of  the  nations,  a  tendency  not  invaribly  true  for  Europe, 
not  true  for  Asia  even  on  the  assumption  that  the  Mongol's  cradle 
was  in  the  Imaus.  To  return,  however,  to  our  limits:  this  spread, 
this  divergence  of  races,  how  was  it  occasioned  ?  what  form  did  it 
take  1  The  tribes  must  have  ranged  widely  as  nomads,  seeking 
from  time  to  time  more  suitable  homes :  but  this  Midler  raises 
strong  objection  to,  on  the  ground  of  the  early  date  at  which 
words  indicating  a  tolerably  consolidated  social  combination 
existed.  Such  words  are  those  for  houses,  towns,  chariots.  Or 
they  may  have  emigi^ated  in  a  body,  as  the  Celtic  tribes  of  whose 
movements  Caesar  gives  so  graphic  a  picture ;  but  such  migi^ations 
i-equire  the  stimulus  of  an  invader,  and  of  the  recurrence  of  such 
a  motive  so  frequently  as  would  be  required,  we  have  no  evidence. 
The  "  hiving  off,"  if  I  may  so  speak,  of  a  portion  of  a  tribe  is  a 
distinct  thing,  and  is  rather  an  extreme  form  of  the  spread  by 
expansion,  which  ethnologists  are  most  inclined  to  support.  Such 
expansion  we  find  at  the  present  day  in  America,  where  man  is 
steadily  encroaching  on  the  wilderness,  and  would,  but  for  the 
existence  of  a  ^autten  language,  originate  dialects  rapidly^  diverg- 
ing from  the  original  type.  The  tendency  to  divergence  would  of 
necessity  be  greatest  in  the  earliest  times,  when  the  absence  of 
any  fixed  institutions  would  permit  of  the  multiplication  of 
differences,  whose  existence  would  in  fact  be  determined  by  the 
isolation  of  each  branch  in  its  valley  life.  A  rapid  divergence 
would  easily,  in  tradition,  become  a  sudden  dispersion ;  and  thus 
may  be  interpreted  the  fanciful  narratives,  such  as  that  Esthonian 
legend  which  tells  how  the  men,  when  their  seats  became  too 
narrow^  were  assembled  by  '•  the  old  God"  round  a  cauldron,  and 
commanded  to  select  the  sounds  emitted  by  the  water  in  its 
confinement  and  torture.  (Cited  by  Mtiller  in  "Chips,"  (tc.)  But 
the  analogy  to  the  Mosaic  narrative  is  incomplete  ;  the  miss- 
ing link  is  supplied  in  the  Thlinkithlian  legend,  which  is  the 
more  remarkable  if  this  dying  people  is  really  related  to  the  old 
Aztec  race.  Here  we  have  a  flood  and  a  floating  vessel,  which, 
before  being  stranded,  breaks  in  two,  separating  for  ever  the 
Thlinkithlians  and  all  others.     I  would  allude  in  passing  to  the 
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alleged  identity  of  traditions  in  various  distant  pai-ts  of  tlie  world 
with  Aryan  oi-  Semitic  traditions,  and  with  the  events  of  Hebrew 
history.  Resemblances  have  in  many  cases  been  exaggerated,  the 
common  stock  of  human  thoughts  and  feelings  has  been  treated 
as  a  special  gift ;  in  fact,  the  theory  of  degradation  has  been  so 
extended,  that  no  development  seemed  possible  save  by  the  direct 
action  of  Semitic  literature. 

I  have  said  that  philology  teaches  the  community  of  certain 
social  institutions  and  material  possessions  among  the  Aryans 
prior  to  their  divergence.  Thus  the  knowledge  of  certain  metals 
by  the  Asiatic  residents  rests  upon  the  employment  of  the  same 
roots  by  all  their  descendants,  European  as  well  as  Sansciit. 
Gold,  silver,  and  copper  were  thus  known  prior  to  the  divergence, 
but  the  names  for  iron  differ  in  each  of  the  gi-eat  stocks.  In 
Sanscrit,  ayas,  and  in  Greek,  XaX/cos,  at  first  used  for  copper  in 
some  form  of  alloy,  came  to  mean  iron,  or,  at  least  in  the  Greek, 
metal  generally.  The  strict  application  of  the  phonetic  law^s 
might  perhai)s  disclose  in  other  languages  a  similar  change  of  the 
term  for  bronze  into  that  of  iron.  But  I  merely  indicate  this 
possibility,  the  investigation  of  which  I  have  but  entered  on.  Be 
this  as  it  may,  there  is  no  doul)t  that  the  use  of  iron  was  discovered 
after  the  dispersion.  Much  ingenuity  has  been  sj^ent  on  the  specu- 
lation how  these  alloys  and  how  metallic  ores  were  discovered. 
Gold,  silver,  and  copper  are  found  native,  but  brass  is  a  mixture 
of  zinc  and  copi)er — bronze,  of  tin  and  copper ;  while  iron  is  only 
found  as  an  ore,  requiring  a  complicated  process  of  smelting. 
Clearly  some  progi-ess  had  been  made  in  the  development  of  man's 
powers ;  he  w^as  no  longer  a  rude  Favage ;  nay,  this  advance  had 
been  made  (as  evidenced  by  copper)  before  Aryan  man  had  reached 
Europe.  This  statement  may  be  safely  made  in  view  of  the  many 
localities  in  which  copper  may  be  found  ;  for  if  the  discovery  had 
been  made  at  each  of  these  spots,  a  different  name  w^ould  have 
been  used,  as  in  the  case  of  iron;  and  the  uniformity  of  name 
cannot  be  explained  by  the  distribution  of  the  metal  in  the  way 
of  commerce.  Now,  if  we  remember  that,  in  Denmark,  a  stone 
period  preceded  one  of  bronze,  and  that  the  iron  age  was  the  heir 
of  these  two,  and  that  similar  sequences  are  now  found  in  all 
European  countries — we  have  the  prol>lem  to  settle,  were  these 
discoveries  in  metals  indigenous,  or  do  they  represent  so  many 
introductions  from  eastern  sources  ?     A  stone  age  has  manifestly 
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been  the  earliest  througliout  the  world  :  it  still  persists  in  many- 
savage  tribes.  Either  the  stone  folk  of  Western  Enrop(i  were  not 
Aryans,  but  a  pre-Aryan  race,  or  language  and  metal  came  from 
the  east  as  a  wave  later  than  that  of  population.  No  one,  I  pre- 
sume, would  maintain  the  latter  proposition.  The  former  is  more 
probable,  but  is  difficult  of  proof.  It  must  be  remembered  that 
the  mythology  of  early  Greece  tells  of  a  period  when  no  iron — only 
copper — weapons  were  known  (Hesiod),  and  alludes  to  a  prior 
time  when  weapons  were  w^hoUy  wanting  : — the  golden  age  of 
Ovid,  with  whom,  however,  it  was  no  longer  a  tradition,  but  a 
deductive  fancy.  AYith  Ovid  the  reign  of  law  succeeds  an  era 
when  law  was  unneeded,  vice  being  unknown.  In  Horace's 
Satii-es,  an  almost  bestial  state  commences  man's  career.  I  must 
ao-ain  content  myself  with  merely  indicating  the  subject,  and 
requesting  your  attention  to  the  two  conjectures — the  one  that 
the  inhabitants  of  different  regions  passed  through  the  stages  from 
stone  to  iron  independently ;  the  other,  that  the  names  of  iron,  as 
in  Latin /e/'?*W7?i,  are  modifications  of  the  other  names  for  brass. 

But  philology  has  revealed  another  curious  problem,  of  which 
Muller  makes  a  curious  use.  He  points  out,  in  brief,  that  the 
word  which  stands  for  fir  has,  by  phonetic  change,  yielded  quercus, 
oak ;  that  the  Greek  word  (p-rjyos,  oak,  has,  as  its  Latin  equivalent, 
fagus,  beech.  He  ingeniously  parallels  this  \vith  the  sequence 
disclosed  in  the  Danish  peat  mosses,  and  throws  out  the  conjecture 
that  these  Aryan  wanderers  had  witnessed  the  transition  from  fir 
to  beech.  That  men  lived  thi'ough  those  times  is  certain,  but 
what  races  they  belonged  to  ls  another  question ;  and  the  remarks 
I  have  just  made  regarding  metals  show,  if  they  are  of  any  value, 
that  Aryan  origin  of  metallurgy  is  by  no  means  a  certaiaty.  The 
ethnological  question  Muller  declines  to  entertain,  saying  that 
philology  has  nothing  to  do  with  skulls:  yet  the  conjectm^e  he  puts 
out  has  no  right  to  existence  unless  collateral  evidence  supports  it, 
otherwise  it  is  an  idle  fancy. 

The  remark  brings  us  face  to  face  with  the  question — What  is 
the  relation  of  philology  to  ethnology'?  On  this  point,  I  desire 
only  to  put  before  you  the  leading  arguments  of  the  controversy. 

The  ethnologist  declares  philology  a  doubtful,  even  a  misleading 
guide,  on  the  gi^ound  that  a  nation  may,  after  conquest  or  migi-a- 
tion,  change  its  language  without  change  of  physical  character. 
The  examples  which  are  relied  on  as  subversive  of  philological 
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authority  are  :  that  in  the  West  Inflian  Islands,  the  negro  popu- 
lation has  adopted  no  other  European  langnnge ;  that  in  the 
British  Islands  distinct  races  now  speak  a  common  language — 
which  throws  no  light  on  the  number  or  kind  of  stocks  ;  that  the 
negritoes  of  the  Polynesian  area  have  Polynesian  speech ;  that 
among  these  same  races,  the  Feejeans  especially  display  a  wonder- 
ful mimetic  power,  the  exercise  of  which  yields  a  sort  of  linguistic 
insanity.  But  do  these  cases  prove  all  for  which  they  get  credit  ? 
The  negro  is  in  exceptional  conditions  ;  and  I  am  not  aware  that 
the  earliest  history  gives  us  the  slightest  reason  to  suppose  that  a 
counterpart  to  this  complicated  result  of  many  influences  need  be 
looked  for,  far  less  found,  in  earliest  history ;  least  of  all  that  it 
need  be  suspected  in  pre-historic  times.  To  the  illustrations  from 
the  British  Islands,  a  counter-proposition  may  be  put,  that  the 
mixture  of  language  is  neither  in  degree  nor  kind  such  as  to 
obscure  wholly  the  fact  that  linguistic  influences  are  several,  nor 
are  they  such  as  would  have  occuri'ed  in  the  earliest  stages  of 
human  progress,  accepting,  as  the  opponents  of  philology  do,  the 
evolutions  of  language  as  propounded  by  Miiller. 

Let  us  take  the  case  of  the  Malay  and  Polynesian  Islands. 
According  to  Huxley's  classification  we  have  Australians,  Negi-itoes, 
and  Amphinesians.  In  the  Australian,  we  find  the  skull  as  a  whole 
dolichocephalic,  but  vaiying,  their  hair  straight,  and  their  intelligence 
low.  The  Negritos  forai  an  outer  band  from  Tasmania  to  the  Papuan 
Islands,  presenting  physically  a  dark  skin  %vith  woolly  hair ;  their 
skulls  vary  from  dolichociphaly  to  brachycephaly.  The  Amphi- 
nesian,  a  composite  group,  including  New  Zealand,  and  the  Sandwich 
Islands,  and  stretching  by  way  of  Sumatra  to  Madagascar,  have 
widely  ranging  cranial  characters,  the  long  forms  prevailing  in  the 
south-east,  the  broad  in  the  south-west.  These  are  of  lighter 
complexion  than  the  Australian,  but  like  him,  have  straight  or 
wavy  hair. 

O.  Miiller,  in  the  linguistic  portion  of  the  report  of  the  Novara 
voyage,  recognises  the  main  physical  groups — the  Malay  and  the 
Negrito,  or  Negi-oid. 

From  the  cranial  measurements  given  by  Scherzer,  an  increase  is 
apparent  in  breadth  as  we  advanced  north-eastward,  till  the  Malay 
give  us  a  physical  stiiicture  clearly  a})proaching  that  of  Mongol. 
The  Negroid  is  the  older,  the  earlier  inhabitant  being  now  met 
with  when  occupying  islands  in  common  with  Malay  stock,  either 
in  the  interior  of  the  island  or  as  a  slave  to  the  sti-aisrht-haired  race. 
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The  philological  results  of  the  voyage  are  that  the  languages  of 
Oceania  ai^e  of  lower  development  as  we  go  west  and  south. 
That  one  group  is  formed  by  the  tongaes  of  Tagala,  Formosa,  the 
Marian  Islands  and  Madagascar;  another  by  the  tongues  of  Malacca, 
Java,  Sumatra,  Borneo.  These  two  together  constituting  the  Malay 
and  Javan  group,  characterised  by  a  relatively  rich  development 
both  in  form  and  sound.  The  second,  or  Polynesian  group,  cor- 
responding to  the  Amphinesians,  is  defective  both  in  sounds  and 
grammatical  forms ;  while  the  third,  or  Negroid  speeches,  are  still 
lower  in  development.  The  distribution  of  the  races  Miiller  finds 
easier  to  ex2)lain  than  their  origin.  Notwithstanding  their 
resemblance  to  the  Mongols  in  physical  aspect,  there  is  yet  no  real 
affinity  of  speech,  no  tradition  admitting  of  theii'  possible  connec- 
tion. The  Sanscrit  intermixture  lessens  as  w^e  advance  eastwards; 
with  Australia  there  is  no  affinity.  The  progi^ess  of  the  race  has, 
he  thinks,  been  from  west  to  east,  but  this  I  suspect  is  founded  on 
the  set  of  the  winds  and  currents  in  that  direction,  at  any  rate  it 
does  not  explain  the  occuiTence  of  Malay  in  Madagascar.  More- 
over, the  more  primitive  character  of  the  western  and  southern 
tongues  is  at  variance  with  this  interpretation  of  their  movements, 
since  we  should  then  have  to  account  for  the  loss  of  certain  sounds 
— a  difficult  physiological  problem.  Miiller  insists  and  proves  the 
large  admixture  of  languages,  and  asserts  further  the  admixture  of 
races.  Now  on  careful  examination  of  the  facts  recorded  by  Scherzer 
and  Schwarz,  and  comparison  of  them  ^vith  the  statements  of  early 
voyagers,  it  does  not  seem  by  any  means  certain  that  the  variations 
of  physical  characters  included  under  these  great  groups  are  simply 
such  as  might  have  been  expected  in  the  inhabitants  of  so  wide  an 
area.  On  the  contrary,  the  varying  colour,  quality  of  hair,  and 
form  of  skull  seem  to  point  to  an  admixture  not  merely  in  early 
times  but  also  in  later.  Now  we  have  important  evidence  on  this 
point  in  Grey's  Polynesian  Mythology  and  Erskine's  voyages. 
From  them  it  aj)pears  that  at  an  early  period  at  least,  children 
were  considered  to  be  of  the  mother's  tribe,  not  the  father's,  the 
wars  between  tribes  having  the  double  object  of  matrimony  and 
cannibalism,  of  obtaining  a  biide  and  making  her  friends  in  the 
most  literal  sense  provide  the  banquet.  Under  altered  cii'cum- 
stances  the  Chinese  inhabitants  of  Lugon  are  exogamous;  and 
SAvinhoe  notes  as  a  result  of  the  mixture  the  evidently  Kalee 
eatures  of  many  of  the  so-called  Chinese.  The  same  author  suspects 
the  existence  of  Mincopies,  or  inhabitants  of  the  Andaman  Islands, 
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in  Formosa,  but,  important  as  tlie  fact  would  1)P,  I  liave  failed  to 
find  the  evidence  on  which  his  assertion  was  founded.  The 
interest  lies  in  M)-.  Busk's  observation  quoted  by  Huxley  that 
these  Mincopies,  intermediate  between  the  Negi-o  and  Negiito, 
present  the  rai-e  coml)ination  of  wooly  hair  and  round  heads. 

O.  Muller's  results  are  otherwise  explicable.  He  points  out 
that  the  migration  of  the  Malay  into  the  S.E.  peninsula  is  a  recent 
event,  and  is  retrogi-essive  in  character.  This  is  not  incompatible 
with  the  N.W.  extension  of  the  original  Pacific  population,  which 
spread  perhaps  from  a  region  intermediate  between  the  Sandwich 
Islands  and  New  Zealand.  The  oscillations  of  the  Pacific  sea 
bottom  have  been  mapped  by  Darwin  in  his  wonderful  book  on 
Coral  reefs,  and  thence  have  been  deduced  various  hypotheses  of 
the  extension  of  man  from  that  region  towards  America  and  Afiica. 
In  favour  of  it  must  be  mentioned  that  the  gi^eat  glacial  period 
was  later  in  the  southern  than  in  the  northern  hemisphere,  and 
that  thus  the  equatorial  or  subtropical  origin  of  man  has  a  longer 
period  open  for  it.  The  assertion  of  non-pei*fectibility  of  these 
races  is  an  assertion  merely,  which  no  one  has  taken  the  trouble 
to  verify.  On  the  contrary,  we  know  that  even  at  the  time  of  the 
earliest  voyagers  the  abolition  of  cannibalism  was  one  among  several 
improvements  of  recent  date.  These,  it  is  true,  are  small  improve- 
ments, but  the  insular  position  of  the  tribes  negatives  our  expec- 
tation of  rapid  progress,  which  is  mostly  in  the  ratio  of  the 
opportunities  of  change.  The  facts  on  which  notions  of  degi-ada- 
tion  rest  are  open  to  a  double  interpretation. 

One  theory  has  been  that  incessant  wars  have  always  driven  the 
weakest  fui-ther  away,  but  such  a  process  would  have  rather  ended 
in  theii'  extinction.  jMoreover  weakness  is  only  a  relative  term, 
and  war  does  not  always  expel  the  physically  weakest — ^vitness 
our  own  island.  Evidences  of  degradation  from  the  decay  of 
empires  are  fallacies ;  for  the  amount  of  degradation  has  a  limit, 
as  in  the  Koman  and  Greek  Empires,  and  in  other  cases  has  been 
determined  by  the  extinction  of  the  people  as  in  the  Phcenician  and 
Babylonian  Empire.  That  the  savage  of  to-day  sinks  in  the 
neighbourhood  of  the  whites  is  the  necessary  result  of  the  so-called 
pleasure  so  fully  contributed  to  the  idle  by  the  not  over  scrupulous 
membei-s  of  civilised  communities  who  have  deprived  them  of  theii* 
land  and  occupation. 

The  Australians  and  Tasmanians  are,  with  the  Fuegians,  in  the 
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lowest  stage  of  civilization.  But  they  may  be  so,  either  because 
they  are  the  outposts  of  the  race,  or  because  they  belong  to  the 
first  circle  of  its  extension.  If  we  believe  that  the  methods  of  the 
science  of  to-day  are  well  founded,  we  cannot  accept  the  Hindoo 
Cusch  as  the  original  centre  of  man's  dispersion. 

I  must  now  endeavour,  as  briefly  as  may  be,  to  weave  into  a 
piece  the  loose  threads  which  I  have  brought  together. 

The  most  recent  investigations  of  the  antiquary  geologist  have 
proved  that  man  lived  in  Europe  during  the  later  part  of  the 
great  glacial  era :  that  so  far  as  the  evidence  goes,  and  though 
negative  it  is  strong,  his  condition  was  as  lowly  as  that  of 
the  living  Esquimaux.  His  weapons  were  fashioned  of  stone, 
and  his  enemies  or  rivals  were  sundry  extinct  animals.  But 
in  the  lowest  stages  there  were  gradations.  The  stone  im- 
plements of  the  Seine  were  of  poorer  execution  than  those  of 
Denmark ;  nay,  in  the  two  countries  the  animals  were  different. 
To  the  stone  age  succeeded  one  in  which  cojDper  in  alloy  figured 
importantly,  but  nothing  can  be  adduced  to  prove  that  the  metal 
native  to  the  countries  in  which  it  is  found  was  wrought  under 
foreign  direction.  The  uDiversality  and  uniformity  of  the  stone 
period  in  all  eras  and  countries  supplies  an  argument  from 
analogy  against  such  influence,  and  Dana  has  pointed  out  how  in 
America  the  stone  period  was  prolonged  into  that  of  copper  by 
this  curious  transition,  that  the  native  copper  had  been  hammered 
into  a  weapon,  as  the  flints  had  been  ;  that  the  copper  was  used, 
not  as  a  metal,  but  as  a  stone.  The  duration  of  these  two  periods 
it  is  impossible  to  fix.  The  poems  of  Homer  and  Hesiod,  in 
which  ii'on  does  not  yet  appear  as  a  material  when  history  is  lost 
in  age,  go  back  to  about  twelve  centuries  before  our  era;  but 
doubling  that  estimate  (a  large  allowance  where  tradition  is 
concerned),  we  have  after  all  only  a  fraction  of  the  time  which 
may  have  elapsed  since  the  stone  folk  struggled  with  the  winters 
of  the  Seine,  or  saw  from  the  heights  which  surrounded  Hoxne, 
when  that  deposit  lay,  not  on  a  hill-top  as  now,  but  in  the  hollow 
of  a  valley,  a  landscape  of  vastly  different  aspect  to  what  we 
now  see. 

Foi-  my  present  purpose  it  is  enough  that  the  period  to  which 
the  oldest  stone  weapons  belong  is  nearer  that  in  which  con- 
tinental ice  overspread  the  northern  parts  of  Europe  than  our  own 
day,  and  that  the  rhinoceros  and  hippopotamus  had  representa- 
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tives  then  in  ^liddle  and  Western  Europe.  But  men  of  that 
peiiod  had  few  weapons,  and  tlieir  paucity  and  inferiority  are  l>y 
all  analogy  the  expression  of  very  limited  appliances  ;  I  would  say 
of  a  meagre  civilisation,  but  that  so  vague  a  term  may  be  mis- 
understood. Even  in  the  Bronze  Period,  we  find  still  that 
although  the  appliances  have  multiplied,  they  are  in  many  respects 
infeiior  to  those  of  subsequent  times.  Of  the  men  who  first 
inhalnted  Europe  we  know  absolutely  nothing,  save  that  a  senes 
may  be  determined,  the  steps  of  which  are  indicated  Vty  the 
various  degrees  of  skill  manifested  in  the  preparation  of  the  stone 
tools.  The  long-headed,  small-handed  ^\deldel•s  of  the  bronze 
swords  are  a  proljlematical  race  or  races.  But  the  comparison  of 
the  cranial  characters  of  the  earliest  men  has  yielded  this  result. 
The  long-barrow  men  of  this  country  had  long  .skulls,  a  proportion 
common  to  them  and  to  the  Scandinavians.  But  Dr.  Thurnam 
points  out  the  strong  resemblance  of  their  skulls  and  those  of  the 
Basques  of  South-eastern  France,  and  quotes  Broca  as  authoiity  for 
part  of  the  evidence.  Thurnam  further  traces  this  resemblance  to 
them  and  the  Phoenicians.  Now,  Nill son's  great  work  on  the 
early  Scandinavians  traces  the  stone  circles  and  monoliths  of 
that  and  other  countries  to  Phcenician  origin.  Herodotus  says, 
and  Manetho  hints,  as  R.  S.  Poole  points  out,  that  the  PhoGnicians 
were  of  Arabic  origin,  and  Palgrave  found  in  Central  Arabia 
rings  identical  with  those  of  Stonehenge.  Further,  Dr.  Hooker 
tells  us  of  similar  antiquities  in  Hindostan. 

So  far,  therefore,  the  f^icts  tally  with  the  extension  which 
Huxley  gives  to  Thurnam's  opinion — namely,  that  this  character 
of  skull  may  be  traced  from  North-western  Europe  to  Australia, 
and  in  time  from  the  Neanderthal  and  Enghis  man  to  the  present 
day.  In  Northern  Europe  also  long-headed  skulls  prevailed,  w4th 
a  mixture  of  short-headed  forms,  whose  presence  corresponds  to 
the  time  during  which  Scandinavia  was  the  slave  market  of 
Europe,  drawing  its  supplies  largely  from  the  shoi-t-headed  people 
who  dwelt  in  Central  Europe.  But  in  America  also  we  find,  in 
the  Mississippi  valley,  human  remains  of  the  same  general  age  as 
those  of  the  Somme  ;  or,  if  Palaeontology  were  an  absolute  guide, 
older,  for  the  ISIastodon  was  the  contempoi-ary  of  the  American 
man,  a  point  not  yet  proved  for  Europe.  But  all  this  goes  to 
show  that  man  in  these  fiir  apart  localities  flourished  before  the 
separation  of  the  Aiyan  races,  at  least  before  that  last  divergence 
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of  peoples  wliose  tongues  were  derived  from  common  roots.  The 
inference  is  obvious  :  assuming  the  Imaus  as  the  starting  point  of 
the  human  race,  we  must  have  had  divergence  taking  place  for 
immense  periods  prior  to  history,  and  attaining  either  hj  eastern 
or  western  routes  to  America  and  Tasmania.  If  this  were  so,  we 
should  have  a  dispersion  of  men  either  speechless  or  with  tongues 
which  are  now  wholly  lost,  unless  we  consider  the  Malay  and 
Polynesian  dialects  as  the  remnants  of  them.  In  any  case,  we  would 
have  that  primitive  condition  in  which  no  weapons  but  those  of 
stone  existed,  of  which  no  remains  but  these  weapons  survive. 
If,  on  the  other  hand,  we  attach  value  to  the  cranial  characters, 
and  bearing  in  mind  the  geogi-aphical  and  climatal  changes  which 
have  taken  place  since  the  great  glacial  period,  we  should  be  led  to 
infer  a  Pacific  centre  for  man,  whose  dispersion  thence  would  yield 
that  prior  race  with  which  the  Aryans  came  into  competition  in 
their  later  extension ;  and  which  passed,  each  branch  in  its  own 
area,  through  those  stages  recorded  in  the  Aryan  dialects  by  the 
varying  names  for  metals  and  trees.  With  this  latter  method 
the  more  recent  speculations  of  Palaeontologists  are  in  accord. 
We  have  now  reason  to  believe  that  identity  of  fossils  in  distant 
countries  is  a  proof  that  they  belong  to  different  ages  :  that  they 
are  separated  in  time  by  the  interval  necessary  for  their  transit 
from  the  one  area  to  the  other.  Just  so  in  ethnology — there  is 
no  alternative  between  dispersion  and  centres  of  creation.  To  the 
latter,  the  centres  of  creation — in  other  words,  the  plurality  of 
original  types — I  do  not  allude,  as  I  have  already  sufficiently 
admitted  the  difficulties  of  the  question;  and  polygeny,  or  the 
aforesaid  plurality,  is  only  an  elaborate  way  of  making  the 
difficulties  evident. 

Divergence  has  at  least  the  merit  as  a  theory  of  reducing  to 
the  minimum  the  number  of  difficulties,  gives  promise  of  sooner 
arriving  at  the  limits  beyond  which  we  cannot  go.  For  the  same 
reason,  the  doctrine  of  the  Evolution  of  Languages  commends  itself 
as  necessitating  investigation  forbidding  acquiescence  in  conclu- 
sions into  which  such  vague  words  as  "instinct,"  ''intuition," 
"  ultimate  facts,"  and  the  like.  The  imitative  and  interjectional 
hypotheses  of  the  origin  of  words  are  similarly  valuable,  provided 
always  we  do  not  attemj^t,  as  Tylor  warns  against,  to  find  in  the 
sounds  of  animals  the  rudiments  of  articulation.  The  Welshman 
whom  he  cites  as  justifying  his  theft,  because  some  one  from  the 
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hedge  called,  "  Take  two  cooies,"  over  and  over  again,  had  gone 
some  way  to  tind  the  language  of  wood  pigeons,  because  it  wa.s 
convenient  to  do  so.  Let  not  philologists  seek  the  same  discovery, 
influenced  by  similar  motives. 


XXII. — Notes  0)1  the  Post-Tektiary  Deposits  of  the  Cause  of 
Falkirk,     ^y  Mr.  John  Burns. 

(Read  April  1,  1861).) 

ARSTHACT. 

The  author  described  at  considerable  length  the  peculiar  charac- 
teristics of  the  dejiosits  of  the  Carse  of  Falkirk,  gi^'ing  in  detail 
the  variety  and  extent  of  these  beds,  as  shown  by  the  numerous 
bores  put  down  in  dificreiit  ])arts  of  the  trough  or  basin,  from  which 
it  appeared  that  the  depth  of  these  deposits,  about  the  centre  of 
the  trough  is  about  300  feet,  and  that  they  decrease  very  rapidly 
on  either  side,  showing  that  at  that  part  the  trough  is  very  narrow. 
In  some  places  the  beds  of  clay  are  of  immense  thickness ;  in 
others  they  are  divided  by  thin  beds  of  gravel  and  sand. 

The  variety  of  these  beds  indicated  the  different  conditions  under 
which  they  were  deposited,  but  he  believed  that  in  many  instances 
these  local  changes  were  direct  ocean  currents,  having  set  in  and 
washed  away  the  old  deposits,  leaving  their  own  in  the  place  of 
those  removed. 

He  exhibited  part  of  the  ^'ertebra  of  a  whale,  which  was  found 
in  a  bed  of  clay  9  feet  from  the  surface,  and  12  feet  above  present 
high  water  level.  He  also  exhibited  a  number  of  shells  from  the 
same  beds,  mostly  of  a  post-tertiary  character,  which  had  existed 
very  abundantly  towards  the  close  of  the  glacial  epoch.  Many  of 
the  species  are  still  living  in  the  Forth, — such  as  Cardmm  edule,  C. 
echinatuni,  Littorina  littorea,  Ostrea  eduliSf  Bucciuum  uiidatuiiiy 
ifec,  tkc.  Also  a  few  representations  of  a  more  Arctic  kind,  includ- 
ing Telliua  proxitna  and  Trophon  scalariforiae.  In  the  same  beds 
in  which  these  occur  he  had  found  pieces  of  drift,  wood,  moss,  and 
what  appeared  to  be  roots,  or  fibres  of  some  kind  of  plants.  These 
had  all  been  found  at  heights,  at  iroiu  12  to  30  feet  above  the 
present  sea  level;  thus  showing  that  the  estuary  of  the  Forth  has 
been  raised  to  that  extent  since  these  shells  lived  in  its  watei-s,  or 
else  that  the  change  has  been  brought  about  by  a  sinking  of  the 
bed  of  the  sea. 
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October  29,  1S68. 

Professor  John  Yuung,  President,  in  the  Chair. 

The  President  delivered  the  Opening  Address  on 
"From  Geology  to  History"  (p.  341). 

No\t:]mber  5,  1868. 
Professor  John  Young,  President,  in  the  Chair. 

The  following  gentlemen  were  elected  resident  members  of  the  society,: — 
Joseph  Eobertson,  110  John  Street;  Pdchard  Neilson,  110  John  Street; 
James  Anderson,  Clydeview,  Partick;  George  Smith,  141  Cumberland 
Street;  James  Steel,  1  Seton  Terrace;  Hugh  M'Phail,  Xitshill. 

Mr.  James  Armstrong  exhibited  a  remarkable  well-preserved  fin-spine 
of  Oracanthus,  which  he  had  recently  obtained  from  the  carboniferous 
limestone  at  Roughwood  Quarry,  near  Beith.  This  massive  spine — new  as 
a  Scottish  fossil — is  characterised  by  its  large  size  and  pyramidal  shape,  and 
by  its  interior  being  c^uite  hollow,  except  at  the  apex ;  whereas  in  the  other 
genera  of  fossil  Plagiostomes  the  spines  are  narrow,  gi-adually  tapering,  solid, 
and  in  many  cases  furnished  with  one  or  more  rows  of  denticles,  Oracanthus 
is  further  distinguished  by  the  blunt  tubercles  which,  either  singly  or  in 
ridges,  cover  its  surface. 

The  President  exhibited  an  ichthyodorulite,  received  that  day  from  Mr. 
Robert  Craig,  one  of  the  society's  corresponding  members,  who  obtained  it 
from  Langside  Quarry  near  Beith,  The  spine  he  considered  new  to  Scotland, 
being  distinguished  from  those  hitherto  known  by  the  limitation  of  the 
tubercles  to  a  single  row  on  the  anterior  surface;  by  a  decrease  of  the  intervals 
between  the  tubercles,  which,  about  an  inch  apart  at  the  base,  are  near  the 
apex  almost  in  contact;  by  their  apparently^  stopping  short  of  the  apei, 
which,  moreover,  is  as  distinctly  abraided  as  in  most  spines.  From  the  same 
quarry  was  obtained  a  fragment  of  a  large  Plagiostome,  illustrating,  the  true 
character,  as  dermal  tubercles,  of  certain  fossils  formerly  regarded  as  dental. 
The  description  of  this  specimen  was  postponed  to  a  future  meeting. 

Mr.  John  D,  Campbell  exhibited  some  specimens  of  wood  encrusted  with 
oxid  of  iron  from  the  head  of  Loch  Melfort,  Argyllshire.  These  specimens 
had  been  found  in  what  was  probably  an  estuary  formation  before  the  last 
rise  of  the  land,  a  section  of  which  was  laid  bare  by  a  great  flood  two  years 
since.  Mr.  Campbell  mentioned  that  in  the  same  section  fragments  of  wood 
and  hazel  nuts  in  a  good  state  of  preservation  were  found,  showing  that  the 
incrustation  of  the  specimens  exhibited  was  due  to  local  oozing  of  water 
charged  with  iron. 

Mr.  John  Young  exhibited  a  vertical  section  of  the  strata  in  Gilmorehill 
Quarry,  which  he  has  constructed  out  of  the  pounded  material  of  each  stratum. 
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The  section  is  enclosed  within  a  long  wooden  box,  with  glass  front,  and  is 
constructed  on  a  scale  of  one-half  inch  to  the  foot.  It  exliibits  in  a  clear 
manner  the  comparative  thickness  of  each  stratum,  their  natural  colour, 
and  the  gradations  they  assume.  It  has  been  place  1  in  the  lluuterian 
Museum  as  a  memorial  of  the  quarry. 

Mr.  John  Young  read  a  paper,  "On  the  section  of  strata  at  present 
being  worked  in  the  western  portion  of  the  Gilmorehill  grounds,  for  the 
purpose  of  obtaining  building-stone  for  the  erection  of  the  new  Glasgow 
University,  (p.  29S.)  The  paper  was  illustrated  by  specimens  of  the  sand- 
stone, &c.,  and  by  vertical  and  horizontal  sections  of  the  strata  in  the 
quarry. 

The  Rev.  Jons  F.  Potts,  B.A.,  read  a  paper  "On  the  Arran  Clay- 
stones,"  (p.  244). 


December  3,  1868. 
Edward  Hull,  Esq.,  F.R.S.,    Vice- Presideyit,  in  the  Chair. 

The  following  gentlemen  were  admitted  resident  members :  —Robert 
Leggat,  110  Buchanan  Street;  Thomas  Grainger,  Gas  Works,  Partick; 
James  Hamilton,  113  West  liegent  Street;  James  Harold,  8  Hillhcad 
Place ;  Joseph  Ferric,  133  Upper  Crown  Street. 

The  Chairman  exhibited  a  specimen  of  native  copper  in  trap,  and  prehnite 
embedded  in  analcime,  which  he  j)rcsented  to  the  society's  museum. 

Mr.  John  Young  exhibited  a  finely  preserved  unique  fossil  fruits 
obtained  from  the  carboniferous  limestone  shales  of  Calderside,  High 
Blantyre.  The  specimen  is  nearly  allied  to  the  Trigonocarpum  of  the 
coal-measures,  but  it  differs  from  that  genus  in  possessing  eight  ribs  utar 
the  apex.^ 

Mr.  Young  also  exhibited  from  the  same  beds  two  perfect  specimens  of 
Trilobites — GriffitJikles  mesotuherculafus,  M'Coy — one  lying  extended  in  the 
shale  with  all  the  different  parts  in  position,  and  the  other  rolled  up  in 
the  form  of  a  ball.  The  occurrence  of  this  crustacean  in  the  perfect 
condition  presented  by  Mr.  Young's  specimens  is  extremely  rare  — the 
glabella,  head-spines,  pygiduim,  &c.,  being  usually  found  detached. 

Mr.  James  Bennie  exhibited  a  fossil  fruit — Trhjonocarpum — and  pieces 
of  carbonised  wood  from  Shiels  Quarry,  East  Kilbride.  The  specimens, 
which  were  very  small,  derived  their  chief  interest  from  being  found  in 
intensely  marine  shale,  into  which  they  must  have  been  drifted  during  its 
deposition  from  some  distant  land  surface.  The  section  exposed  in  Shiels 
and  the  neighbouring  quarries  are  considered,  upon  the  evidence  of  the 
fossils  found  in  them,  to  be  identical  with  that  of  the  northern  part  of 
Ayrshire,  a  somewhat  important  fact,  as  it  proves  that  the  Eaglesham  hills 
form  part  of  the  Carboniferous  system,  and  were  erupted  when  its  limestone 
and  shales  were  in  course  of  deposition — thus  limestone  and  trap  or  whin- 
stone,  alternate  frequently  in  the  district,  and  near  Shiels  there  are  quarries 
of  each  kind  of  rock  within  a  few  hundred  yards  of  each  other,  and  in  the 

1  Figured  in  the  Transactions  of  the  Natural  Society  of  Glasgow,  vol.  i.,  pi.  iv. 
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Thornton  quarries,  near  Busby,  beds  of  unmistakeable  volcanic  ash  are 
interstratified  with  the  limestones  and  shales.  The  section  in  Shiels 
consists  of  coralline  limestone,  5  feet;  soft  blue  shale,  2  to  4  feet;  and 
encrinal  limestone,  3  feet.  It  was  in  the  shale  that  the  fossil  fruit  was 
found,  and  the  fossil  wood  is  common  both  to  the  shale  and  the  underlying 
limestone.  The  marine  character  of  the  shale  and  limestone  is  established 
by  the  numerous  specimens  of  Brachiopoda  and  other  deep-sea  shells  which 
occur  in  it,  and  by  the  palatal  teeth  of  fishes  belonging  to  the  genera 
Psammodiis,  Cochliodus,  and  Fetcdodus,  which  are  occasionally  found 
associated  with  them. 

Mr.  Bexxie  also  exhibited  a  series  of  pyritized  twigs  from  the  marine 
shales  of  Lickprivick,  East  Kilbride.  Some  of  these  specimens  exhibited 
the  structure  of  the  wood,  others  the  ornamentation  of  the  bark,  and  others 
again  the  dichotomous  divisions  of  the  stem.  These  plant-remains  of  Lick- 
privick  occur  in  a  black  shale,  which  is  considered  identical  with  the  black 
bituminous  shale  in  which  the  cement- stone  of  Calderside  is  situated. 
Though  not  so  intensely  marine  as  the  shales  of  Shiels,  it  is  sufficiently  so 
to  prove  that  these  plant-remains  were  once  drift-wood — waifs  of  some  car- 
boniferous land  flood,  carried  far  oubto  sea,  and  deposited  in  the  silt  at  its 
bottom,  just  as  we  now  find  the  debris  of  our  Lammas  floods — the  cast  away 
leaves,  nut-shells,  and  twigs  washed  ashore  with  the  wrack  of  the  sea,  and 
buried  up  Mdth  the  shells  of  the  present  period,  another  proof  that  however 
unlike  in  form  the  life  of  the  present  may  be  to  that  of  the  past,  the  great 
laws  which  govern  both  are  alike,  and  the  same  throughout  all  time. 

The  Chairman  xDresented  and  explained  a  map  of  Great  Britain  which  he 
had  prepared  at  the  request  of  the  Eoyal  Coal  Commission  to  illustrate  his 
views  regarding  the  extent  and  depth  to  which  the  coal  fields  of  England 
stretch  beneath  the  Mesozoic  formations.  The  map  showed  that  while 
there  is  a  large  area  in  Cheshire,  Stafi"ordshire,  Warwickshire,  Leicestershire, 
Notts,  and  Yorkshire,  formed  of  Triassic  and  Permian  rocks  overlying  the 
coal,  yet  that  this  mineral  does  not  extend  under  the  eastern  and  southern 
counties  of  England,  which  are  considered  to  be  formed  of  newer  formations 
resting  on  rocks  of  older  age  than  the  coal-measures.  The  map  is  to 
accompany  Mr.  Hull's  evidence  when  published  in  the  "blue  book." 

A  communication  was  read  from  Mr.  Alexander  Currie,  one  of  the 
members,  on  the  recent  discovery  of  ancient  canoes  near  Bowling.  Mr. 
Currie  gave  an  historical  remme  of  the  occurrence  of  ancient  canoes  in  the 
bed  of  the  Clyde,  and  in  lakes  and  marshes  throughout  the  other  parts  of  the 
country.  An  account  was  then  given  of  the  discovery  by  the  writer  of  the 
canoes,  which  formed  the  special  object  of  his  paper.  Two  of  these  he 
had  exhumed  from  the  bed  of  the  river  near  Dunglass.  They  were 
found  Ipng  abreast  of  each  other,  embedded  in  tenacious  clay,  containing 
water-worn  boulders,  overlaid  by  a  deposit  of  alluvial  mud.  The  longer  of 
the  two  consists  of  a  rough,  undressed  tree,  23^  feet  in  length,  and  11  feet 
in  mean  girth,  the  inside  being  beautifully  hollowed  out.  The  lesser  canoe 
measures  13  feet  in  length,  3  feet  in  width,  and  is  shaped  like  the  modern 
fishing  coble,  with  square  stern.  The  third  canoe  had  been  found  opposite 
Dumbuck,  by  parties  in  Dumbarton,  from  whom  it  had  passed  into  the  pos- 
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session  of  the  UTiter.  Like  the  last,  it  is  formed  out  of  a  dressed  oaken  log, 
and  measures  23  feet  in  length  and  31  in  breadth,  its  depth  not  being 
ascertainable  owing  to  its  sides  being  in  an  imperfect  state.  The  remainhi" 
portion  of  the  paper  contained  his  speculations  as  to  the  people  by  whom 
these  relics  were  fashioned,  and  the  probable  time  which  had  elapsed  since 
they  became  entombed  in  the  river-silt. 


Janu.ary  7,   1869. 
Edwaiid  a.  WiJNSCH,  Esq.,  Vice-President,  in  the  Chair. 

The  Secretary  read  the  following  minute  relative  to  the  late  Mr.  JX. 
Whyte  Skipsey,  one  of  the  members  of  the  Society,  which  he  had  drawn 
up  with  the  assistance  of  Mr.  John  Young  and  Mr.  Alex.  Macgregor,  in 
terms  of  instructions  conveyed  in  the  minutes  of  3rd  December  last  : — "The 
Society  desire  to  record  its  sense  of  the  loss  it  has  sustained  by  the  death  of 
Mr.  Robert  Whyte  Skipsey.  Mr.  Skipsey  was  for  eight  years  a  member  of 
the  Society,  and  had  at  the  time  of  his  death  a  seat  in  the  Council.  His 
interest  in  the  work  of  the  Society,  whether  business  or  science,  was  great 
and  unremitting,  as  his  contributions  to  the  transactions,  his  gifts  to  the 
museum,  and  his  active  share  in  the  discussions  testified.  A  man  of  great 
enthusiasm,  of  kindly  impulsive  zeal  and  energy,  which  even  the  most 
depressing  physical  malady  under  which  he  laboured  for  many  years  couhl 
not  quench,  the  Society  has  lost  in  him  one  whose  example  was  valuable  as 
a  lesson  to  younger  men,  that  even  if  science  were  not  the  business  of  this 
life,  it  should  not  be  followed  in  a  dillettanti  spirit,  but  continuously, 
earnestly,  honestly.  The  Society  sympathizes  sincerely  with  Mr.  Skip.«?ey's 
family,  tlie  amiable  qualities  which  won  him  our  esteem  being  those  which 
make  the  good  father  and  friend. " 

The  Rev.  Henry  W.  Crosskey  exhibited  a  small  block  of  limestone, 
bored  by  Pliolas  from  Great  Orme's  Head.  Mr.  Crosskey  described  the 
general  characteristics  of  Great  Orme's  Head,  which  he  had  visited  in 
company  with  Mr.  R.  D.  Darbishire,  of  Manchester,  and  the  position  and 
peculiarities  of  the  supposed  Pholas  borings.  The  spe.  imen  exhibited  was 
from  a  height  of  570  feet.  The  preservation  of  the  PlioJas  burrows  in  the 
position  in  which  they  are  now  found,  proves  that  the  elevation  of  the  land 
must  have  taken  place  since  the  glacial  epoch. 

In  the  conversation  which  followed,  Mr.  David  Robertson,  who  is 
familiar  with  the  burrows  of  Pholas  in  modern  times,  and  Mr.  Craig,  who 
is  well  acquainted  with  the  weathering  of  limestones,  expressed  opinions 
favourable  to  the  genuineness  of  the  work  shown  in  the  specimen. 

Mr.  Edward  Hull  exhibited  some  specimens  of  pebbles  from  the  Xew 
Red  Conglomerate  (Trias)  of  Central  England,  in  the  neighbourhood  of 
Burton -on-Trent.  The  majority  of  these  pebbles  were  stated  to  be 
composed  of  purple,  pink,  or  "liver  coloured"'  quartzite,  while  a  few 
pebbles  of   local  origin  from  the  Carboniferous   Rocks  also  occur.     The 


372  PROCEEDINGS    FOR    THE    YEAR    1868-69. 

quartzite  pebbles,  however,  which  are  invariably  rounded  and  water-worn, 
and  never  of  large  size,  are  of  a  peculiar  character,  and  cannot  be  referred 
to  any  formation  known  to  exist  in  England.  From  the  manner  in  which 
these  conglomerate  pebbles  are  distributed  in  England,  Mr.  Hull  stated  that 
he  had  for  a  long  time  held  the  opinion  that  they  had  their  origin  in  some 
country  to  the  northward  of  the  Central  Counties ;  and  recently  he  had 
been  confirmed  in  this  opinion  by  finding  the  Lower  Old  E,ed  Conglomerate 
of  several  parts  of  Scotland  to  be  composed  of  precisely  similar  pebbles  of 
quartz  rock,  having  the  same  peculiar  characters  as  those  of  the  New  Red 
Conglomerate  of  England,  The  Conglomerate  of  Leshmaagow,  for  instance, 
described  some  years  since  by  Sir  E.  I.  Murchison  (Journal  Geological 
Society,  London,  vol,  xii.),  is  almost  entirely  composed  of  these  pebbles, 
sometimes  attaining  a  diameter  of  16  inches.  At  Balmaha  and  Aberfoyle 
it  presents  similar  features,  but  westward,  as  at  Gareloch,  the  pebbles  are 
generally  of  a  more  local  character,  though  also  containing  the  coloured 
quartzites,  as  described  by  Dr,  Bryce.  As  the  author  intended  entering 
more  fully  on  this  topic  at  the  forthcoming  meeting  of  the  British 
Association,  he  did  not  wish  to  do  more  than  give  a  brief  sketch  of  his 
%dews ;  but  he  now  felt  satisfied  that  the  New  Bed  Conglomerate  of 
England  was  the  daughter  of  the  Old  Bed  Conglomerate  of  Scotland, 

Mr.    Egbert  Ckaig  read  a    "  Sketch  of    the   Carboniferous  Basin  of 
Dairy,  Ayrshire,"  (p.  271) 


February  4,  1869, 
Professor  John  Young,  President,  in  the  Chair, 

Previous  to  the  reading  of  the  minutes,  the  President  read  the  following 
minute  relative  to  the  loss  which  the  Society  had  sustained  by  the  death  of 
Mr,  James  Macalester,  the  Secretary,  and  of  Mr.  Alexander  Currie,  of 
Bowling,  and  wliich  the  Council,  at  a  meeting  that  evening,  had  agreed  to 
recommend  to  the  Society  for  approval.  The  minute  is  as  follows  : — "  Since 
our  last  meeting  the  Society  has  lost  two  members,  whose  deaths  are  the 
more  impressive  that  both  took  part  so  recently  in  our  proceedings. 

"  The  minutes  drawn  up  by  Mr.  Macalester  will  be  read  by  another,  but 
we  cannot  pass  to  our  ordinary  business  without  a  word  of  sincere  regret  for 
him.  There  are  circumstances  giving  his  premature  removal  a  peculiarly 
painful  character,  but  apart  from  these,  it  will  be  long  before  we  shall  forget 
our  cheerful  kind-hearted  Secretary,  whose  genial  waj'^s  did  much  to  promote 
the  harmonious  working  of  the  Society,  Mr,  Macalester's  geological  studies 
were  of  recent  date,  taken  for  the  purpose  of  securing  the  liberalising  in- 
fluence apt  to  be  lost  in  the  hard  life  of  the  professional  man  working  his 
way  to  position  in  a  new  locality  and  to  some  extent  among  strangers, 

' '  The  consciousness  of  the  benefit  he  himself  derived  made  him  willing  to 
undertake  the  duties  of  Secretary  to  the  Society,  duties  M'hich  he  discharged 
faithfully,  and  so  as  to  win  the  esteem  of  all  the  members.  It  is  no  dis- 
paragement to  his  successors  to  say  that  it  will  be  long  before  his  place  will 
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be  filled.  Others  will  do  the  work  as  well,  but  few  possess  the  per- 
sonal character  which  made  us  all  feel  that  Mr.  Macalester  was  a  friend. 
To  those  who  have  to  deplore  his  sudden  removal,  we  can  oidy  offer  our 
sincere  sympathy  and  the  assurance  that  if  it  is  possible  to  give  proofs  of 
our  feeling,  the  Society  will  gladly  avail  itself  of  the  opportunity." 

"  Mr.  Currie,  whose  paper  was  so  recently  read  in  this  room,  had  been  for 
some  years  a  member  who  advanced  the  work  for  which  we  are  associated 
in  many  ways.  Living  at  a  distance,  he  was  personally  unknown  to  many, 
but  no  one  who  has  benefitted  by  his  guidance  and  willing  help  in  exploring 
the  geology  of  the  district,  wdl  care  to  let  the  occasion  pass  without  grate- 
ful acknowledgment  of  his  kindness  and  heartfelt  regret  that  we  shall  meet 
him  no  more." 

jNlr.  James  Armstrong,  for  some  years  past  Librarian  and  Curator  of  the 
Museum,  and  Editor  of  the  "  Trausactons,"  was  elected  Secretary  in  room 
of  the  late  Mr.  Macalester. 

Mil.  James  Thomson,  F.G.S.,  exhibited  several  specimens  of  chlorite 
schist  from  Fort-Askaig,  Islay,  with  imbedded  angular  and  rounded  frag- 
ments of  granite  varying  in  size  from  one-eiglit  to  two  inches  in  diameter. 
Mr.  Thomson  said  he  was  not  aware  that  granite  had  been  found  m  situ  in 
the  island,  consequently  the  pieces  must  have  been  transported  from  a 
distance,  probably  by  ice,  and  imbedded  in  the  chlorite  schist  during  its 
deposition.  The  granites  are  of  two  kinds,  one  resembling  a  fine-grained 
variety  of  a  dull  red  colour  found  in  Glencoe,  the  other  resembles  the 
granite  of  the  Ross  of  Mull.  If  the  presence  of  these  granites  was  to  be 
attributed  to  the  agency  of  ice,  it  would  imply  a  glacial  period  during  the 
deposition  of  the  schistose  rocks  of  the  Western  Highlands. 

Mr.  Tkomsdn  also  exhibited  a  large  suite  of  lish  and  reptilian  remains 
from  the  blackband  ironstone  of  Quarter,  near  Hamilton,  of  which  the 
President  gave  a  detailed  account,  and  expressed  a  desire  that  they  might 
be  accurately  figured  and  described  in  the  publications  of  the  society. 

Mr.  Hugh  M'Phail,  of  Nit^hill,  read  a  paper  on  *'The  Carboniferous 
Sections  of  the  Levern  Valley,  Kenfrewshire,"  (p.  254.) 


March  4,  ISGO. 
Professor  John  Young,  President,  in  the  Chair. 

Mr,  Andrew  Gray,  45  Dimdas  Street,  and  Mr.  C.  H.  Pennycook,  100 
Montrose  Street,  were  admitted  resident  members. 

Mr.  J.  Wallace  Young  exhibited  specimens  of  hematite  from  the  mines 
recently  opened  in  the  Garlton  Hills,  a  series  of  low-lying  eminences  in  the 
north  of  Haddingtonshire,  consisting  principally  of  grey  and  reddish  clay- 
stone.  Attention  had  been  first  directed  to  the  hematic  deposit  by  the 
farmer  on  that  part  of  the  property  where  the  mines  are  situated,  who  had 
frequently  observed  pieces  turned  up  with  the  plough.  It  crops  out  almost 
at  the  surface,  and  from  an  examination  of  part  of  the  workings  to  which 
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Mr.  Young  had  access,  lie  was  of  opinion  that  it  was  a  very  valuable  deposit. 
In  two  specimens  which  he  had  analysed,  the  amount  was  as  follows  : — No. 
1,  — Peroxide  of  iron,  89-64,  equal  to  62-75  metallic  iron  ;  No.  2. — Peroxide 
of  iron,  89-28,  equal  to  62-50  metallic  iron.  Hematite,  when  pure,  consists 
solely  of  peroxide  of  iron,  and  is  found  abundantly  at  Whitehaven  and 
Ulverstone,  and  also  in  the  United  States. 

Mr.  Hugh  M'Phail  gave  a  resum4  of  the  paper  on  the  "Carboniferous 
Sections  of  the  Levern  Valley, "  read  at  a  meeting  on  4th  February,  on  which 
an  interesting  discussion  took  place  on  questions  of  local  and  theoretical 
interest. 

The  PvEV.  Henry  W.  Crosskey,  F.G.S.,  read  a  joint  paper  prepared  by 
himself  and  Mr.  David  PtOBERTSOX,  on  the  "Post-Tertiary  Fossiliferous  Beds 
of  Scotland,"  in  continuation  of  their  previous  communications  on  the  same 
subject,  which  they  have  from  time  to  time  laid  before  the  Society,  (p.  321.) 


April  1,  1869. 
Eev.  Henry  W.  Crosskey,  F.G.S.,  in  the  chair. 

Mortimer  Evans,  C.E.,  97  West  Pvegent  Street;  John  Cannon,  243 
Buchanan  Street;  and  C.  Maclaren  Irvine,  Southfield  Colliery,  Lesmahagow, 
were  admitted  resident  members. 

Mr.  Robert  Craig,  Langside,  Beith,  exhibited  several  species  of  arctic 
shells,  recently  discovered  by  Mr.  Yates,  junior,  coalmaster,  Kilmarnock, 
in  sinking  a  pit,  on  the  farm  of  Woodhall,  near  Kilmaurs.  The  shells  were 
found  in  a  thin  bed  of  sand,  one  foot  three  inches  in  thickness,  v/hich  in 
this  new  pit  underlies  fifty  feet  of  boulder  clay  and  upper  drift,  and  overlies 
the  bed  in  which  the  remains  of  the  mammoth  and  reindeer  were  formerly 
found. 

Among  the  many  shells  found,  the  following  species  had  alone  been 
preserved,  many  having  been  broken  during  the  process  of  extraction  from 
the  matrix,  viz. : — Leda  oblonga,  Telliiia  calcarea,  Pecten  Islandicus, 
Cypr'ma  Islandica,  Astarte  sulcata,  A  compressa,  Natica  Groenlandica  and 
fragments  of  a  large  species  of  Natica  and  a  Littorina. 

Mr.  John  Young  exhibited  a  collection  of  upwards  of  300  seeds  of  fresh- 
water plants  belonging  to  five  or  six  species,  the  more  abundant  being  a 
species  of  Potamogeton  and  a  Panuncidiis,  recently  obtained  by  him  from 
the  washing  of  a  small  piece  of  sandy  clay,  which  had  lain  in  the  Hunterian 
Museum  since  the  year  1829,  being  part  of  the  matrix  in  which  the  tusk  of 
the  mammoth  and  horns  of  the  reindeer  found  in  the  old  Woodhill  quarr}^ 
Kilmaurs,  were  embedded.  Mr.  Young  said  he  had  failed  to  discover  any 
trace  of  marine  organisms  in  the  clay  in  question,  and  he  was  therefore  of 
opinion  that  it  was  an  old  estuarine  deposit,  which  at  one  time  had  partly 
filled  up  the  Carmel  Valley.  See  joint  paper  by  Messrs.  Craig  and  Young, 
"Notes  on  the  Occurrence  of  Seeds  of  Freshwater  Plants  and  Arctic  Shells, 
along  with  the  remains  of  the  Mammoth  and  Reindeer,  in  beds  under  the 
Boulder- Clay  at  Kilmaurs."     (p.  310.) 
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Dr.  John  Young,  the  president,  cxliiljited  a  uumljer  of  fi.sh-remains 
presented  to  the  Hunterian  Museum  by  Mr.  liobert  Craig,  among  which 
were  a  jaw  of  Cladodus  with  the  teeth  in  position,  and  a  spine  of  Oracan- 
thus  minor,   Ag,  the  latter  new  to  tlie  carboniferous  limestone  of  .Scotland. 

The  following  papers  were  then  read  : — 

I.  On  the  action  of  organic  matter  on  peroxide  of  iron,  as  observed  in 
the  Post-Tertiary  sands  of  Glasgow.     By  Mr.  J.  Wallace  Young,  (p.  241.) 

II.  Notes  on  the  Post-Tertiary  Deposits  of  the  Carse  of  Falkirk.  By 
Mr.  John  Burns,     (p.  367.) 


April,  1SG9. 
Professor  John  Young,  Pn-Mhlenl,  in  the  Chair. 

Professor  Sir  William  Tiiom.'^on,  read  a  paper  on  "Geological  Time" 
(p.  215),  in  the  conrse  of  Mhich  he  replied  to  the  criticisms  of  his  views 
contained  in  the  anniversary  address  to  the  Geological  Society  of  Loudon, 
by  the  President,  Professor  Huxley. 

The  Society  thereafter  adjourned  till  the  first  Thursday  of  October. 


c2 
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April  17. — HuRLET.      Mr.  Hull,  F.R.S.,  Conductor.     Train  to  Nitshill. 
Sections  of  carboniferous  limestone,  with  intrusive  trap  dykes. 

May  1. — Ceofthead.  Mr.  Egbert  Craig,  Conductor.  Train  to 
Crofthead,     Lacustrine  deposits  and  boulder  clay. 

<«  15. — Thornton  Quarries.  Mr.  James  Thomson,  F.G.S.,  Conductor. 
Train  to  Eaglesham  Road  Station  on  Kilbride  Eailway. 
Section  of  trappean  asb  in  railway  cutting — Sections  of 
carboniferous  limestone,  trappean  ash  and  boulder  clay. 

'<  — (Queen's  birth-day). —Bathgate.  Dr.  John  Young,  PrmcZen^, 
Conductor.  Extensive  sections  of  carboniferous  limestone  and 
shale,  rich  in  corals  and  other  fossils. 

June  5. — Spout  of  Ballagan,  Campsie  Glen,  and  North  Hill.  (Joint 
Excursion  with  Edinburgh  Geological  Society).  Mr.  John 
Young,  Conductor.  Spout  of  Ballagan — natural  sections 
of  thin-bedded  limestone  capped  by  sandstone  and  trap. 
Campsie  Glen — Ballagan  Beds,  overlaid  with  trappean  ashes 
and  trap.  North  Hill — sections  of  carboniferous  limestone 
and  eruptive  traps. 

On  Saturday,  June  5th,  a  number  of  the  members  of  the  Geological 
Societies  of  Glasgow  and  Edinburgh  met  at  Cowlairs  Station  for  the  purpose 
of  a  joint  excursion  to  Campsie  Glen.  The  weather  unfortimately  proved 
unfavourable,  and  when  the  members  arrived  at  the  Clachan  of  Campsie 
about  11  A.M.,  a  beautiful  warm  rain,  most  beneficent  to  the  country,  but 
rather  discouraging  to  tourists,  fell  in  copious  showers.  The  members, 
nevertheless,  resolved  to  brave  fortune,  and,  under  the  guidance  of  Mr 
John  Young,  proceeded  to  explore  the  glen,  now  decked  out  in  all  its 
summer  beauty,  and  examined  all  its  points  of  geological  interest.  These 
have  been  so  often  referred  to,  and  are  so  fully  described  in  the  published 
transactions  of  the  Geological  Society  of  Glasgow,  that  it  were  needless  to 
repeat  particulars  here  ;  suffice  it  to  say  that  the  inspection  was  kept  up 
with  unflagging  interest  until  nearly  one  o'clock,  when  the  members 
returned  to  the  shelter  of  the  Clachan  Inn,  some  of  them  to  borrow  what 
change  of  garments  they  could  from  the  landlord,  who  seemed  to  be  prac- 
tically impressed  with  the  fact  that  geology  is  by  no  means  a  dry  study  ; 
and  all  of  them  to  repair  the  waste  of  the  inner  man  by  means  of  the 
substantial  breakfast  prepared  in  honour  of  the  Edinburgh  members.  Mr 
E.  A.  Wiinsch,  Vice-President  of  the  Glasgow  Society,  occupied  the  chair. 
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with  Mr  John  Young  a3  croupier  ;  and,  after  the  appropriate  toasts  had 
been  given  by  the  Chairman  and  replied  to  by  Mr  Lyon,  the  Treasurer 
and  Mr  Panton,  the  Secretary  of  the  Edinburgh  Society,  and  many  expres- 
sions of  goodwill  and  sympathy  had  been  exchanged,  the  members  pro- 
ceeded to  the  second  part  of  the  day's  programme — the  exploration  of  the 
Spout  of  Ballagan,  about  two  miles  farther  west  from  Campsie  Glen.  They 
were  met  in  Ballagan  Glen  by  the  proprietor,  Major  Graham,  of  Craig- 
bamet,  who,  in  the  most  courteous  mamier,  accompanied  the  members 
over  the  ground,  supplied  them  with  specimens  from  his  own  collection, 
and,  in  exchange  for  some  geological  information  new  to  himself,  gave  a 
great  deal  of  interesting  archaeological  information  respecting  the  neigh- 
bourhood. 

The  rain  by  this  time  had  cleared  ofT,  and  after  having  been  busy  plying 
hammer  and  chisel  in  extracting  the  red  and  yellow  fibrous  gypsum  to  be 
found  at  the  base  of  the  beds,  the  members  collected  in  a  group  on  an 
opposite  hillock,  commanding  a  full  view  of  the  section,  and  Mr  John 
Young  gave  an  admirable  sketch  of  the  structure  of  the  strata.  The 
Ballagan  beds  are  typical  of  the  lowest  beds  of  the  carboniferous  series, 
and  underlie  the  whole  coal  basin  of  the  Clyde  valley,  for  they  are  seen 
cropping  out  on  the  west  at  Inverkip  and  Loch  Thorn,  and  as  far  east  as 
Berwick.  Their  total  thickness  amounts  to  probably  a  thousand  feet,  and 
in  one  single  section  at  Ballagan  arc  exposed  to  view  no  less  than  about 
230  distinct  alterations  of  limestones,  sandstones,  and  shales,  capped  by 
thick  beds  of  trap  and  volcanic  ash,  forming  the  Campsie  and  Kilpatrick 
Hills.  With  the  exception  of  some  impressions  of  plants  resembling 
Cakuriites,  no  fossils  of  any  kind  have  been  discovered  in  the  Ballagah 
beds,  and  it  is  doubtful  whether  the  limestones  are  of  a  marine  or  a  fresh 
water  origin  ;  probably  the  latter,  inasmuch  as  the  whole  character  of  the 
formation  points  to  deposits  in  a  large  inland  lake  or  estuary,  derived  from 
the  waste  of  adjoining  lands  through  a  long  series  of  ages.  At  the  very 
moment  when  Mr  Young  was  sjjcaking  of  the  continual  wearing  down  by 
atmospheric  agencies  of  the  section  then  in  view,  a  rum1)ling  noise  was 
heard,  and  a  pretty  heavy  mass  of  the  cliff,  softened  by  the  soaking  rain 
of  the  morning,  came  down  vnth.  a  crash  upon  the  very  spot  where  the 
members  had  just  been  quarrying  for  gypsum,  giving  them  a  practical 
illustration  of  the  necessity  for  caution  in  physical  as  well  as  in  theoretical 
geology.  The  Glasgow  members  returned  by  the  six  o'clock  train  from 
Strathblane,  and  parted  at  Lcnzie  Junction  vvith  their  Edinburgh  friends, 
who,  in  addition  to  the  agreeable  souvenirs  of  the  day,  earned  awaj'  with 
them  a  splendid  specimen  of  red  and  yellow  jasper,  the  gift  of  Major 
Graham,  to  enrich  their  museum. 
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Annual  General  Meeting,  7th  October,  1869. 
Professor  John  Young,  President,  m  the  Chair. 

The  minutes  of  the  last  meeting  of  the  Society  having  been  read  and 
approved,  the  Secretary  read  the  annual  report  by  the  Council  for  the 
past  session,  and  thereafter  the  following  gentlemen  were  elected  officers  for 
the  next  session  : — 

President — Professor  John  You^g,  Glasgow  University. 

/  Edward  A.  Wunsch. 

Vice-Presidents—  \  Ja^^ies  Geikie,  Geological  Survey  of  Scotland. 

(  John  Youmg. 

Secretary — James  Armstrong,  16  Albert  Drive,  CrosshiU. 

Treasurer— J  OTIS  Wight,  C.  A.,  150  Hope  Street. 

Librarian — Thomas  Naismith,  233  Duke  Street. 

Council— T>\JGAJ.Ti  Bell,  William  Cameron,  D.  Corse  Glen,  C.E., 
James  Datron,  James  Thomson,  F.G.S.,  George  R.  Alexander, 
Daniel  Wilson,  John  Burns,  David  Sandemax,  Alexander 
Drew,  Archibald  PvObertson,  Angus  Kennedy,  C.E. 
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MEETINGS— SESSION  1869-70. 
1S69. 
Nov.  11. — Exhibition  of  Specimens,  and  Papers  by  Members. 

,,     25. — Dr.  Young.     Paper  on  "Carboniferous  Labyriuthodonts." 
Dec.      2. — Exhibition  of  Specimens,  and  Papers  by  Members. 

,,     23. — Mr.  John  Young.     Paper  on  "The  Vertical  Range  and  Local 
Distribution  of  the  Carboniferous   Fossils   of   the  West  of 
Scotland." 
1870. 
Jan.   13.  —  Exhibition  of  Specimens,  and  Papers  by  Members. 

,,     27. — Mr.  ^yilliam  Cameron.      Paper  on   "The  Sutherlandshire  Gold 
Fields." 
Feb.     3. — Exhibition  of  Specimens,  and  Papers  by  Members. 
Feb.  24. — Mr.  James  Thomson,  F.G.S.     Paper  on  "  Carboniferous  Corals." 
Mar.     3. — Exhibition  of  Specimens,  and  Papers  by  Members. 

,,     24, — Mr.  Jas.  Dairon.     "Notes  on  some  of  the  Swiss  Glaciers." 
April   7. — Exhibition  of  Specimens,  and  Papers  by  Members. 

Arrangements  will  be  made   at  all  these  Meetings  for  Excursions  to 
localities  of  Geological  interest  in  the  vicinity  of  Glasgow. 


DONATIONS  TO  THE  SOCIETY'S  LIBRARY. 

From  1st  October,  1868,  to  30th  September,  1869. 


I. — Transactions,  Journals,  and  other  Publications, 

PRESENTED  BY  THE  RESPECTIVE  SOCIETIES. 

Alnwick.     Proceedings  of  the  Berwickshire  Naturalists'  Club,  1868. 

Belfast.     Annual  Pteports  of  the  Naturalists'  Field  Club.     1867-69. 

Berlin,     Zeitschrift  der  Deutschen  geologischen  GeseUschaft,  XX.  Band, 

3,  4  Heft,  XXI,  Band,  1  Heft. 
Boston,  U.S. — Proceedings  of  the  Boston  Society  of  Natural  History,  Vols. 

xi.,  xii.,  sheets  1-17. 
Memoirs  read  before  the  Boston  Society  of  Natural  History, 

Vol.  i.,  Parts  3,  4,  4to. 
Annual  for  1868-69  ;  Condition  and  Doings,  1867-68. 
Entomological  Correspondence  of  Thaddeus  W.    Harris,   M.D. 

Svo.     1869.     From  the  Boston  Society  of  Natural  History. 
Brussels.     Bulletins  de  I'Acad^mie  Koyale  de  Belgique,  2me  serie,  T.  xxv. , 

xxvi;  Annuaire,  1869. 
Christiania.     Royal  Norwegian  University  :-  - 

Memoires  pour  servir  a  la  connaissance   des   Crinoides   vivants,   par 
Michael  Sars,  4to,  6  pi.  1868. 

Cm  Finmarkens  Geologic,  af  T.  Dahll.     8vo,  1867. 

Efterretninger  om  Jordskjrelvet  den  9  de  Marts,  1866,  samlede  af  Prof. 
Dr.  Th.  Kjerulf.     8vo,  1866. 
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Christiania.     Royal  Norwegian  University,  continued: — 

ijber  (las  Vorkomnien  der  Eisen-I">ze  bei  Arendal.     N;ui  und  Kragem, 
von.  Th.  Kjerulf  und  Tcllef  Dahll.     8vo, 

Om   Underberget    ved   Kongsberg,    og  om  Guldets   Fortkoinst  sani- 
mesteds.     Af.  Th.  Hiortdahl.    8vo,  18G8. 

Uber  den  Erzdistrict  Kongsbergs,  von  Th.  Kjerulf  nn<l  T.  iJahll.     4t<», 
18G0. 
Dresden.     Sitzungs-Berichte  der  naturwissenschaftUchcn  Gcsellschaft  l»i«, 

18G8,  Mos.  4-12;  18G0.  No.  1-3. 
Dublin — Journal  of  the  Royal  Geological  Society  of  Ireland,  Vol.  ii.,  Tart 

1,  18G8. 
Edmburgh.     Tran.sactions  of  the  Geological  Society,  Vol,  i.,  Parts  1,  2. 

Proceedings  of  the  Royal  I'hysical  iSociety,  ISGoGG. 

Glasgovs^.     Proceedings  of  the  Natural    History  8ociet\',    Vol.   i.,    i»art   1. 

8vo,  228  pp. ,  3  plates. 
Gloucester.     Proceedings  of  the  Cotteswold  Naturalists'  Field  Club,  18G8. 
Liverpool.     Abstract  Proceedings  of  the  Geological  Society,  18G8-G9. 
London.     Quarterly  Journal  Geological  Society,  Vol.  xxiv.,  No.   4;   Vol. 

XXV..  Nos.  1,  2,  o. 

The  Anthropological  Review,  No.  23,  24,  25,  2o. 

Geologists'    Association: — Annual    Report    for    18G8;on   the 

Lower  Greensand  of  Godalniing.     By  C.  J.  A.  Meyer.     List  of  Members 

for  18GS. 
Manchester — Transactions  of  the  Geological  Society,  Vol.  viii.,  Nos.  J,  2. 
Memoirs  of  the  Literary   and  Philosophical  Society.    Vol.   iii. 

Third  Series.     Proceedings,  Vols,  v.,  vi.  vii. 
Milan.     Atti  dclla  Societa  Italiana  di  Scienye  Naturali,  \'ol.  xi.,  Ease,  ii., 

ii.,  iii.,  iv, 
Montreal.     Canadian  Naturalist  and  Geologist,   Vol.  iii..   Part  4.     From 

the  Natural  History  Society  of  Montreal. 
Moscow.     Bulletin  de  la  Societe  Imperiale  dcs  Naturalistes,  ISGT,  Nos.  1,  2. 
Munich.     Sitzungsberichte   der  Kunigl.     Bayer.     Akademie   der   Wissen- 

schaften.      18GS,  L  Heft,  2,  4,  II.  Heft,  1-4.      18G9,  I.  Heft,  I. 
Newcastle-upon-Tyne.     Natural  History  Transactions  of  Northumberland 

and  Durham,  Vol,  iii..  Part  1. 
Paris.     Bulletin  de  la  Socicte  geologique  de  France.  2t'  Si^rie,  Tome  xxv. 

Nos.    1-5.  Tome  xxvi.,  No.    1.     licunion  extraordinaire  a  Moutix-'lier, 

Oct.,  18G8. 
Philadelphia.     Proceedings  of  the  Academy  of  Natural  Sciences,  18G7. 
Proceedings  of   the   American  Philosophical  Society',  Vol.    xi. 

No.  81. 
St.  Louis,     Academy  of  Sciences,     Transactions,  Vol.  ii.,  18G1-68. 
Strasbourg,      Bulletin  de    la  Societd    dcs    Sciences   Naturelles,    No.    10, 

Dec.  1868. 
Truro.     Journal  of  the  Royal  Institution  of  Cornwall,  No.  10,  18G9, 
Vienna.     Sitzungsberichte  der  K.   Akad.    der  AVissenschnften,  Ivi.   Band, 

ii.,  iii.,  iv.,  u,  V.  Heft,  Ivii.  Band,  1,  2,  3  Heft. 


382  DbNATlONS    TO    THE    SOCIETY'S    LIBRARY. 

Vienna.  Verhaudlungen  der  K.  K.  Geologischeu  Reichsaustalt,  18G8, 
Nos.  14-18.     1869,  Xo.  1-11;  Jahrbuch,  xviii.     Band,  ^o.  3,  1868. 

\Vasliington.  Smithsonian  Institution.  Annual  Reports  for  1866  and  1867, 
8vo ;  Physical  Observations  in  the  Arctic  Seas,  by  Isaac  I.  Hayes, 
M.D.,  4to;  The  Land  and  Fresh-water  Shells  of  North  America,  Part 
1 ;  Puhnonata  Geophila,  by  W.  G..  Binney  and  T.  Bland.     8vo,  1869. 

II. — Presented  by  the  Authors. 
Croll,  James.    Geological  Survey  of  Scotland.     On  the  Influence  of  the 
Gidf  Stream.     8vo,  5  pp. 

On  Geological  Time,  and  the  Probable  Date  of  the  Glacial  and 

the  Upper  Miocene  Period.     8vo,  25  pp. 

On  the  Physical  Cause  of  the  ^lotion  of  Glaciers.     8vo,  6  pp. 


Dougall,  John.     On  the  Land  and  Fresh- water  Mollusca  found  within  ten 

ten  miles  around  Glasgow.     By  John  DougaU.     8vo,  10  pp.     From  the 

Author. 
Fenjuson,  William,  F.G.S.     Inaugural  Address  to  the  Birkenhead  Literary 

and  Philosophic  Society. 
Tate,  George,  F.G.S.     Geology,  Botany,  and  Zoology  of  the  neighbourhood 

of  Ahiwick.     8vo,  1869. 
Young,  John.       On  the  identity  of  HeterophylUa  LyelU  and  H.  mirabilis 

of  Duncan. 
On  the  Natural  History  of  some  of  our  Scottish  Oil  Shales. 

4  pp. ,  8vo. 
WincheU,  Prof.  A.     Michigan.     Report  on  the  Geological  and  Industrial 

resources  of  part  of  the  Lower  Peninsula  of  Michigan.     8vo,  97  pp. 
Statements  of  Operations  in  the  ^Museum  of  the  University  of 

Michigan.     8vo,  11  pp. 

On  the  Onward  March  of  the  Race.     8vo,  8  pp. 

Man,  the  Last  Term  of  the  Organic  Series.     8vo,  8  pp. 


The  Fruit-bearing  Belt  of  Michigan.     8vo. 

III.  —Miscellaneous. 
Descriptive  Catalogue  of  the  Maps,  Sections,  and  Memoirs  (published  and 

in  preparation)  of  the  Geological  Survey  of  Scotland  to  Xov.  1,  1868. 

From  the  Geol.  Survey, 
On  the  Lead-bearing  Districts  of  the  Xorth  of  England.     By  Prof.  John 

Morris.     8vo,  8pp,     From  the  Geologists'  Association. 
On  some  Remains  of  Palaeozoic  Insects,  recently  discovered  in  Xova  Scotia 

and  Xew  Brunswick.      By  J.  W.   Dawson,  LL.D, 
On  the  Remains  of  Insects  from  the  Coal-measures  of  Durham.     B}^  James 

"W.  Kirkby,  6  pp.  8vo.     1  plate.     Fi'om  James  W.  Kirkby. 
Remarks  on  the  Luminous,  Thermal,  and  Acoustic  Phenomena  attending 

Fall  of  Meteorites.     By  Chevalier  von  Haidinger.     8vo,  20  pp.     Pre- 
sented by  Prof.  T.  R.  Jones. 
Thesaurus  Siluricus.     The  Flora  and  Fauna  of   the  Silurian  Period.     By 

John  J.  Bigsby,  M.  D.,  F  G.S.     4to,   1868.     From  the  Royal  Society  of 

London. 
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